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To the teacher 


New Matriculation Physics is a series of five books developed for class 6-10 of the Tamil Nadu Matriculation 
system. It closely follows the new enriched Matriculation syllabus. 


One of the main features of the new syllabus is that activity and observation are given a very important place 
in understanding science. Every effort has been made to unfold the scope and purpose of the syllabus. This 
series departs from the conventional and emphasises a practical, ‘discovery’ and ‘learning by doing’ approach. 


The subject matter to be studied has been carefully arranged keeping in mind the age level and psychology 
of the child. No effort has been spared to support the text with clear, labelled illustrations. The language has 
been kept simple and direct to enable the students to read the text themselves. 


Several activities and projects have been suggested, wherever possible, within the scope of the lesson. Most 
of these need simple improvising or inexpensive materials. 


The exercises for each chapter are exhaustive and include questions based oncomprehension and application 
of basic principles rather than on mere recall. 


It has been the concern of the authors that children are encouraged to discover for themselves the pleasure 
of learning about the fascinating ‘laws of nature’. fae 


The author 
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1 Measurement 


1.1 System 


The application of the principles of science in 
our daily lives has produced the comfort and 
luxury of the world we now live in. As civiliza- 
tion developed and life became more complex, 
with man planting crops, trading goods, pur- 
chasing property, manufacturing goods, etc., it 
became essential for him to be assured of the 
quality of the goods he traded in or manufac- 
tured. 


System - units - lengtfi by vernier calipers and screw gauge - mass, using a physical 
balanice - time, using a stop watch or clock - clensity. 


The Government of India has set up, by an Act 
of Parliament, the Indian Standard Institution so 
that the quality of goods sold or manufactured 
can be tested and certified. 


How can we know if the goods we are using 
are of a proper standard? The Indian Standard 
institution provides a certification mark (15) 
on goods which shows that the Indian Standara 
institute approves of the quality of those goods. 


Activity 1: Make a list of articles in your home on which you find the 
ISI mark. Look on ink bottles, toilet articles, electrical goods such as 


mixers, grinders, heaters, etc. 


1.2 Units 


All measurements in physics are related to the 
three bzsic quantities of length, mass and time. 
Until the 19th century various countries used 
different systems of units for measurements. 
Some used inches, while others used centimetres, 
etc. It was only in the latter half of the 20th 
century that a recommendation was made to use 
the metric system all over the world. 

It is not aiwvs necessary to take exact meas- 
urements. For instance, if you want to know the 
length of a shoelace or ribbon it does not matter 


if the measurement is a few centimetres more or 
less than a metre. Again, if you are trying to 
measure your playground, it does not matter if it 
is a little more or less than a kilometre. It is 
possible for you to make a rough estimate in such 
a case. In fact, it is as important for one to have 
the ability to gauge correctly and quickly, certain 
lengths, weights, distances, etc. If someone 
were to ask you the distance from your school to 
the bus stop, you should be able to give an ap- 
proximate answer without having to literally 
measure it. 


a. Can you measure to the ten-thousandth of acm accurately? 


Fig.1.1 


Activity 2: Try to make an intelligent guess at the measurements of 


the following: 

The length of your classroom 
The width of your text-book 
The thickness of a 10p coin 
The length of your desk 

To measure the thickness of the 


10 coins together. What would 
case? 


coin you could first measure 6 or 
be the appropriate units in each 


Now you can check whether your estimate is correct by using a 
ruler, or vernier calliper 


Sora screw gauge. The instrument you use 
will depend upon 


L. how accurately you want to measure something, and 


2. the size of the Particular object. For more approximate measure- 


ments, a graduated scale is sufficient, but if you need to calculate 


the length to a fraction of a millimetre, you could use a vernier scale 
along with the main Seale, 


Activity 3: Try to make a uess at the following : 

_ 1. The mass of your text book 

2. The mass of your school bag 
2. The mass of your pencil 

_ 4. The mass of a Safety pin 


. . Which units would you choose for each of the above 2 Why? 


2 


6. Can this be measured in cm, morkm ? 


We use various instruments to perform ex- 
periments. Some of the instruments are very 
simple and are used for simple experiments, e.g., 
a metre scale or a measuring cylinder. There are 
other instruments which measure dimensions 
with greater accuracy, e.g., vernier callipers, 
screw gauge, vernier microscope, etc. 


Many of you would have watched the record- 
ing of the Olympic games on television. The 
100 m, 200 m and 400 m events were particularly 
exciting. What was the difference in timing be- 
tween the first and second place? Is this differ- 
ence, in seconds or ina fraction of a second? Can 
you measure it with a stop clock or your wrist 
watch? Give reasons for your answer. 


Fig. 1.2 The importance of timing accurately 


In science too, when we measure very small 
quantities they need to be very accurate. 


1.3 Measuring length using the vernier calli- 
pers and screw gauge 


The vernier 


Pierre Vernier, a French technician who lived in 
the seventeenth century, invented a supplemen- 
tary scale, called the vernier scale. The vernier 
scale is used in conjunction with the main scale 
to accurate'y obtain the second decimal place of 
the centimetre or the inch. 


The vernier in its simplest form consists of a 
small scale capable of sliding along the edge of 
the main or principal scale. The small scale is 
called the vernier scale, 10 divisions of which 
are equal to 9 divisions of the main scale (Fig.1.3). 


In order to measure length with this arrange- 
ment, one has to determine the vermier constant 
or least count. The /east count of any instrument 
is the smallest measurement that can be made by 
it. It is the difference between one main scale 
division (MSD) and one vernier scale division 
(VSD) . From the above we note that 


10VSD = 9MSD 
- 2 msi 
1VSD = 79 MSD 


The value of one main scale division = 1 mm 
Therefore,1 VSD = iy mm 
and the least count = 1 MSD — 1 VSD 


= Imm - 2 mm 


10 

= As mm 

~ 10 

= .1mm 

= 0l cm 

9 main scale divisions 

main 
scal 


10 vernier scale divisions 


Fig. 1.3 


Activity 4: Given below is the diagram of avernier. Label all the parts. 
Note the main scale reading and the vernier coincidence, 


ZERO ERROR 


The vernier is so marked that when the two jaws 
are in contact with each other, the zero of the 
vernier coincides with the zero of the scale. But 
due to constant use of the instrument, the initial 
coincidence of the two zeros gets altered, intro- 


Fig. 1.4 (a) 


ducing a zero error in the instrument. This zero 
error has to be initially noted and applied as a 
correction while using the instrument. It is 
essential that this zero error should first be deter- 
mined before using the instrument. Three cases 
are possible as indicated in the figures below . 


Fig. 1.4 (b) 


Activity 5: Recall what you studied about zero error and zero correc. 
tion in Class 8. Below each of the diagrams given in Fig. 1.4 note 
down the zero error and show how you would work out the zero 
corrections, — 


Activity 6: Determine the length and. diameter of a cylinder using a 
vernter callipers. 
Things needed : A vernier cailipers, a small cylinder of brass or any 
other material. 
Method : 

1. Find out whether there is any zero error in the instrument. 


(a) Measuring length : 


2. The cylinder is placed between the two jaws and held firmly 
lengthwise. 


8. Note down the reading of the main scale in the tabular form. 
4, Find out which division of the vernier scale coincides with any 
division of the main scale and note it down. 
_ 5. Complete the entries in the tabular form given in page 6, 
6. Take the cylinder out from between the jaws and again repeat 
__. steps (2) to (6). ou: 
7. Repeat this five times. 
(6) Measuring diameter = 


8, Now take the cylinder from between the jaws and place it so that 
the curved sides are gripped between the jaws and take the 


readings again t.e., main scale reading and vernier coincidence. — 


Wri i ke i orn and repeat the above procedure 
ee Sines Gace places. Find the es 
ith and diameter of the cylinder. Can you find thevolume of the 
cylinder from your measurements? How? 


.| MAIN SCALE | VERNIER 
READING — | COINCIDENCE 
(MSR) (vc) 


Mean value of length = 


lean value of diameter 


The screw gauge 


The screw gauge is based on the Principle of a 
screw which states that when a screw is rotated 
about its axis, it moves througha linear distance 
proportional to the amount of rotation given to 
the screw. This linear distance, through which 
the tip of the screw moves for one complete 
rotation of the screw, is equal to the distance 
between two consecutive threads of the screw. 


TOTAL READING 
MSR +(VC 
XL.C) 


TOTAL READING 
+ ZERO CORRE- 
CTION (TR +ZC) 


Construction: The micrometer screw gauge 
consists of a U-shaped steel frame. One arm of 
this frame carries a stud called the anvil. The 
face of the anvil Aisa plane. The other end of the 
arm is hollow and has a groove through which 
the screw S is moved by the head H. The end B 
of the screw S is also a plane. The screw moves 
inside a hollow cylinder called the Sleeve, which 
hasa linear scale in millimetres etched on it. This 
is known as the Pitch scale. The horizontal line 


anvil spindle sleeve 


thimble ratchet 


Sleeve reads 0.55 cm 
Thimble reads 13 divisions = 0.013 cm 
Total reading = 0.563 cm 


Fig. 1.5 A screw gauge 


drawn on the main scale is called the reference or 
axial line. The head H carries a cap C called the 
thimble, to which the cylinder carrying the screw 
is related. The bevelled edge of the thimble is 
graduated into either 50 or 100 equal divisions. 
This is called the circular scale or head scale . 
Some screw gauges have a ratchet which slips 
when the end B of the screw is in contact with the 
object to be measured and prevents undue 
pressure on it. 


PITCH 


The distance travelled by the screw when the 
head is rotated once is called the pitch. This is 
determined by first making the zero of the head 
scale coincide with any division of the pitch 
scale. Now rotate the head through a specific 
number of rotations, say 5, and note the number 
of divisions moved on the pitch scale. The pitch 
is calculated using the following formula. If n is 
the number of rotations, 


distance moved for 7 rotations 


Pitch = = 


For instance, if the distance moved for 5 rota- 
tions is 5 mm then 


Least Count : The smallest distance that can be 
measured with a screw gauge is called its Jeast 
count. It is the distance moved by the screw 
when it is turned through one division of the head 
scale. 


The linear distance travelled by the screw when 
it is rotated once, i.e., through 100 divisions, is 1 
mm if the number of head scale divisions is 100. 
Hence, if it is rotated through 1 division, the 


distance moved would be mw Since 1 


division of the head is the smallest rotation that 


can be given, nm is the smallest distance 


100 
that can be measured, i.e., the least count is 
alt. 
700 mm. 


Least Count (L.C.) = ul AespitCD by tae 


number of divisions 
on the head scale 


or .001 cm. 
Zero error : If the zeros of the head scale and the 
pitch scale coincide when A and B are brought in 
contact with each other (Fig. 1.6 ), then there is 
no zero error and the readings taken will be 
correct. 
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10-4 


a. No Zero error 


b. positive error 


¢. negative error 


Fig. 1.6 Zero error 


Zero correction : Xf the screw gauge has a zero 
error, correction has to be made to every reading 
taken withit. If the zero erroris positive, the Zero 
correction is negative, and if the zero error is 
negative, the zero correction is positive. The 
zero correction should be added algebraically to 
the reading. 


Case I ; If the zero of the head scale (Fig.1.6 b) 
is below the reference line of the Pitch scale, say 
by 8 divisions, then the head scale would read 8 
divisions instead of zero. This screw gauge has 
a positive zero error and any teading taken with 
such a screw gauge will read 8 divisions more 
than the actual reading. Hence 8 divisions have 
to be subtracted from the final Teading. 


Case 2: If, however, the zero of the head scale 
is above the reference line, say by 8 divisions, 
(Fig. 1.6c) then the head scale Treads 92 divisions 
instead of zero. This screw gauge has a negative 
zero error. To correct this, count the number of 
divisions by which the zero of the head scale 
deviates from the reference line. This number 
multiplied by the least count gives the required 
zero error. Thus the zero errors in the above 
cases are + .08 mm and—.08 mm, (assuming the 
least count to be .01 mm) respectively. There- 
fore inCase7, .08 must be subtracted from the 
final reading and in Case 17, .08 must be added 
to the final reading. 


USING A SCREW GAUGE 


Let us now learn how to use a Screw g 
measure the thickness of a 
diameter of a thin wire. 


auge to 
glass plate or the 


1. First find out the pitch of the screw and 
calculate its least count using the method already 
given. 

2. Next find the zero error of the 
note down the zero Correction. 
3. Then rotate the screw backwards and insert the 
object in the space between the plane surfaces, 
4. Rotate the thimble till the object is gently 
gtipped between the two faces and the ratchet 
Starts slipping. 

5. Note the number of complete divisions on the 
pitch scale, and the division on the head scale 
coinciding with the Teference line. Now you 
have the Pitch Scale Reading (PSR) and the 
Head Scale Coincidence (HSC). 
6: Tabulate your Teadings as shown. The ob- 


Served thickness (or diameter) is given by the 
formula 


PSR + (HSC x LC) 


and the corrected thickness (or diameter) = 
PSR+(HSCyx LC)4+z¢ 


Screw gauge and 


The thickness Should be calculated as follows: 
“LC = 001 mm; zeroerror = + .08 mm ; 
er0 Correction = — 0g mm) 


Pitch scale Total reading Total reading 
reading incides PSR + (HSC x LC) +ZC 
(PSR) 


diameter of 
glass bead 


diameter of 
wire 


Average diameter of glass bead = 
Average diameter of wire =) Wes.ctce 


1.4 Measuring mass using a physical balance and use of the physical balance last year. This 


ear you will actually use the balance to deter- 
You have already learnt about the construction Pe enniaes aban z bject. 


“Activity 7% Look at this figure of a balance tr to label Ue the parts 
of the balanee 


metal cube or cylinder, a weight box. 

Sees rh i lar ae 

__ 1 Observe if the balance is level. If not, adjust it by working on the 
__ two screw feet till the plumb-line hangs centrally over the index. 


__ 2. Gently turn the handle to the right. Ifthe beam does not oscillate, 


_ wave the hand over one of the pans to disturb the air and make it 


_ oscillate and observe if the pointer moves equal distances on éither - 


__ side of the central division. 
__ &. We have to find out the division at which the pointer will finally 
test. This takes time. We, therefore, find it by noting five consecu- 


: _ tive turning points and then following the calculation indicated 
below: : 


_ Lurning poinis 
Right 
18 
17 
35 
35 
= 105 


= 37 =10.05 = (a) 


| This is called the zero resting point i.e., the resting point when the 
_ pans are empty. 


__ 4. Place the body in the le 


as shown below : 
the least weight in the 


2ero resting point 
zero resting point. 
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balance to find the weight of an object. a 
< small object such as a &lass stopper, or a small 


box, we have to 


=~ ee St‘ 


- [Read in pans ‘Tuming points | Mean of the 
XIO% Kg. a turing ponts 
Left Right | Loft Right | Left | Right 
Nil Nil 
os 
| Given Ww 
| body | (weight) |' 6) 
Given |W : 
body | £10mg: {c) 


_ Record your observations in this tabular form. 


Tf (6) is nearer in value to (a) than (c), then the correct weight is the — 
weight corresponding to (6), otherwise it is the weight corresponding 


be 


Activity 9: Questions to think about: _ 


What is the unit of the weights in the weight box? 
What is the unit of the fractional weights? 


_ Did you use both in the above experiment? 


_ How many decimal places are there in the mass of the body obtained 


1.5 Time 


in the above experiment? 
To which part ofa gram is the above mass correct? 


Activity 10: Make a list of all the timing devices you have read about or 
seen. Put the most accurate on top of the list and the least accurate — 


at the bottom. What is the unit in which time is measured? 


- acuiity 11: Using a wrist watch with a second hand find your friend’s 
_ pulse rate t A pulse rate is the number of heart beats in one second. 


_ Put your fingers on the wrist in line with the thumb. You can feelthe — 
pulse beating. Now start counting as soon as the second hand crosses 


the 12 mark on your watch and stop counting when it nm 
wink 
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ivity 12: Set up a simple pendulum by tying a string toa metal bob 

nul suspend it from a stand. Let the string be fairly long —about 

60 or 70. cms. Now pull the bob aside and release it. It will start 

__ oscillating. One to-and-fro motion is one oscillation. Start your 

_ stop-clock when the bob just crosses the (centre) Position of rest. 
Count the oscillations each time the bob Passes the rest position in 

_ thesame direction. When youreach 10, stop the stop-clock and note 

__ the time taken. Repeat this five times. ee Se 


rk 
$.No. Time for 10 oscillations aie 


seconds 7\\ 
{ Noa 
/ \- string 
2 / \ 
: / \ bab 


@- 


Start 


Average time for 10 oscillations = 
You can repeat this for 15 or 20 oscillations. 


1.6 Density 


Objects made of different substances , having the 
same mass, occupy different volumes. For ex- 
ample, if we take two cylinders of the Samemass, 


one of lead and one of aluminium we will see that 
the volume of the aluminium is nearly four times 
the volume of the lead cylinder. Why? 


aluminium 


Similarly, if you take 1 cm cubes of different density of water= 1 gm per cc. 
materials, i.e., same volumes and weigh them, Mercury = 13.6 gm perce. 
their masses will be different. Iron 7.8 gm per cc, etc. 

The mass of unit volume of a substance is 


i] 


I 


é 3 Hence, density = —™ass 
called its density. Hence, from the figures below, ty volume 
1 gm. 13.6 gm. 7.8 gm. 0013 gm. 0.92 gm. 


tcc of water mercury iron air ice 


Fig 1.8 The density of various substances 


If we use the symbols d, m and v for density, To calculate mass from density we have 


mass and volume respectively, we have mass = density x volume 
ke m or m = dxv kg 
TAA also, to calculate volume 
The unit of density in the SI system is volume = —™ass_ 
density 
kg (mass) 3 ke m3 : 
—& <<"! or kg per m? or kg m = ore 

m? (volume) & pe or ov qo cum. 


Activity 13: To find the density of a regular solid. 
Things needed: Regular solids such as a cube, cuboid, sphere or 
cylinder, vernier callipers, a physical balance and a weight box. 
Method: Choose any regular solid and measure its dimensions using 
a vernier callipers. For example, if the object is a cuboid you would 
measure the length, breadth and height using a vernier callipers. 
Record your observations in the tabular form. Then find the mass of 
the object using the physical balance. Record your observations as 


ilows: : . 
. TO DETERMINE THE VOLUME OF THE OBJECT 
LEAST COUNT OF THE INSTRUMENT. = ....... ZERO ERROR = .... 


V.ex Total reading 
@ | feast count oF 


id =1XDxh co.cm_ 
SIX bxXAX 10 m? 


lation density Daun = mass _ 
Catew ‘a of Si a sity lane 
Reali The density of the given : 
oe object = Bs 


por erererterir aes 


ec “Overfon) ‘jar, meas- 
uring cylinder, irregular objectssuch — 
as a glass stopper, physical balance : 
and weights, 


First find the palume of the solid 


using the che Jar and measur- 
ing ee 
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Then weigh the solid in the physical balan 
ations. Let the mass of the solid be m gms. — 
Calculations: mass of the solid 

__ volume of the solid — 
ce _ dees, et the lid 


- ‘Result: The density of the given solid is ___ 


- Aue 153, To find the relative density of ‘a haa 
- using ar. d, bottle, 


- Take a clean, dry r.d. bottie and weigh it empty. 

_ Then fill it with the given liquid and find its 
weight. Pour out the liquid, rinse it well with 
water and fill it with water. Determine iis 
weight accurately with a physical palance. The 
_ readings taken are: _ 

"1. Weight of the empty rd. bottle 


. = W,gm 
2. Weight of the r.d. bottle filled 
with liquid = W, gm 


3. Weight of the r-d. bottle filled 
 withwater =W, gm 
 sweight of liquid alone = _-W, —W, em 
weight of water alone = W,-W,gm 
ene wel; ht of any volume of liquid 
Cord WETBILE OF ONLY HOLE DIE OF quia. 
ee ‘weight ofan equal volume of water 
wee, 
LLP Snr 
: : W, — W, : ae 
Rewult: The density ofthe given lig is. eae Sa. 


ie a ord your obser- - 


empty 


The advantage of weighing the liquid first is 
that the bottle does not have to be dried during 
the experiment and there is no need to waste: 
liquid by rinsing a bottle wet with water. 


If the mass is measured in gms, then the 
relative density of the body is numerically equal 
toits density. Hence first calculate the density in 
gm/cc and convert it into kg/m’. How should this 
be done? 
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Basic concepts 

1.1S1 stands for Indian Standards Institution. : 

2, For accurate measurements, (in length) we need instruments like the vernier callipers and screw 
uge. : 

Be the smaller the quantity to be measured, the more accurately it should be measured. 

4. Mass can be found to an accuracy of 1/100 of a gram, i.e., a centigram, using a physical balance. 

5. Density of a substance is its mass per unit volume. 

6. Density = mass/volume; mass = volume x density ; voluune = mass/density. 

7. The SI unit of density is kg per m*. 


Some investigatory projects/activities 

1. Draw the outline of your foot on a graph paper. Measure the area of your foot by counting the 
number of squares in it. 

2. You can now try and time a race using a stop watch. You should start your stop waich as soon 


as the whistle blows and stop it when the first person crosses the finish line. Make yourself 
familiar with the use of the stop watch how and to read it before you use it. 


REVISION 


!. Fill in the blanks. 


1. IS! stands for 

2. In the vernier calipers 
divisions. 

. The diameter of a wire can be measured with a 

. The linear scale on the screw gauge is called the 

. The circular scale is called the bs 

. The smallest length that can be measured with a Screw gauge is called : 

is the distance travelled by the screw when the head is rotated once. 


main scale divisions coincide with vemier scale 


. Pitch = 


. If the zeros of the pitch and head scales do not coincide then the screw gauge has a 
error. 


10. The unit of density in the SI system is 


OOBNDALW 


Il. State if the following are true or false. 


1. The vernier callipers measures correct top th of a centimetre. 
2. The linear scale on the screw gauge is called the head scale. 
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3, The distance travelled by the screw when the head is rotated once is called the pitch. 
Pitch 
No. of division on head scales. 
5. If the zero of the head scale is above the reference line on the pitch scale then the error has to be 


subtracted. 
6. If the specific gravity of a substance is 7.8 its density is 7.8 gm/cc. 
7. 1 gm/cc is equal to ACG kg/m?. 
{Il, Choose the correct answer. 


1. If the pitch of a screw which has 100 divisions on the head is 1 mm, the least count is 
a. 1mm. b. 0.1 mm. c.0.1.cm. d. 0.01 mm. 


4. In ascrew gauge, the least count is 


2. If the zero of the head scale is above the zero of the pitch scale there is a 
a. positive zero error. b. negative zero error. Cc. no zero error. 


IV. Write the value of the zero error in a, b and c: 


iv 


S 95 
1 
4 0 
5 95 
4 pall 30 
85 


V. Answer briefly : 
1. What is meant by least count of a screw gauge? How will you determine it? 
2. What is meant by zero error of a screw gauge? When is it negative ? 


3. What is meant by the pitch of a screw? 
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4. Note down the following readings ina tabular form. Assume the zero error to be +2 divisions 


80 134 0 

0 rip he ae 50 
85 90 9 o me 
90 80 


40 40 


5. How will you find the time for one oscillation in a simple pendulum? 


vi.Answer the following questions: 


1. Describe the screw gauge. How will you take a reading with it? 


2. Describe how you will determine the radius of a lead shot using a screw gauge. How will you 
calculate its volume? 


3, Describe an experiment to find the density of a regular solid. 
4. Describe an experiment to find the density of an irregular solid. 
5. Describe how you will determine the density of a liquid using a relative density bottle. 


vil.Answer the foliowing: 
1. If three cubic metres of ice have a mass of 5400 kg, what is the density of ice? 
2. What is the density of water? 


3. Find the density of a block of wood which has the following measurements: 
length = 6cm breadth = 3cm 


height = 5cm mass = 55.8gm 


Write your answer in gm/cc and kg/m*. 
(Ans: 0.62 gm/cc, 6200 kg/m? ) 
4. Aspecific gravity bottle weighs 14.72 gms when empty, 39.74 gms when filled with water and 44.85 


gms when filled with a solution of common salt. Find its density. 
(Ans: 1200 kg/m*) 
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2. Mechanics 


Forces acting on a body keeping it at rest. - principle of moments- meaning 
of motion- scalars and vectors- speed, velocity, acceleration- displacement/ 
time and vetocity/ time graphs- equations of motion- acceleration due to 
gravity- motion in a circle with uniform speed- Newton's laws- streamlining 


2.1 Forces acting on a body keeping it at rest 


You have already learnt that forces of ‘push’ or act on a body and they produce no change in the 
‘pull’ act on a body to produce motion of the motion of the body, then the body is said to be in 
body or change the motion of the body. If forces equilibrium under the action of the forces. 


Activity 1: In the figure above two boys are balanced on a seesaw. The 

plank isin equilibrium. What are the forces acting on the plank? Do 
they act parallel to each other? Can you show by arrows the direction 
Of these two forces? Is there any other force acting? Where? 


Activity 3: Questions to think about: — 
In the above seesaw example if A were to move nearer the support 
_ what would happen? Which side would go up? In order to produce 
_ abalance again, in which direction would B have to move? What are 
- the factors that determine which boy will be effective in turning the 
_ plank? About which point will the plank rotate? 
ist Factor — Sees . 
2nd Factor — : 
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The above figure can be represented as 


40 kg 
60 kg 
Fig 2.1 
e 2 
A 
W, 50 gm 


We have seen that the effect of the forces at A and 
B is to tum the plank about O. What is point O 
called? 


The tuning effect of a force about a point is 
called the moment of the force about the point. 
The moment of the force depends on the force 
acting and its distance from the fulcrum. It is 
numerically equal to the product of the force and 
its perpendicular distance from the fulcrum. 


10 —> 


W, 100 gm 


“Activity a:In the figure above we have a metre scale ce 4 a 
te passing through O. The point O is called the ..... 


The force acting at A ts ccc. ginf . 
The force Gcting Gt Bis iii. ginf. 
The distance of W, from the filerum i WSR: em . 
The distance of Ww, from the fulcrum is ........ cm . 


The moment of Ww, about O is = 
The moment of W, about O is = oc. 


60x20 = LON en cm. 


For the metre scale to be in Res ihe thoments of W,and W, 


should be ....... 


A moment which tends to turn an object in the 
direction in which the hands of the clock move is 
called the clockwise moment. The moment which 
tends to turn the object opposite to the rotation of 
the hands of the clock is called the anticlockwise 
moment. For the body to be in equilibrium 
theclockwise moment = =anticlockwise moment. 


<4 


anticlockwise 
moment W, Ww. 
W, xd, : 


fig 2.2 


If more than two forces are acting about a 
point, then 


the sum of the clockwise moments = sum of the 
anticlockwise moments. 


Apart from Totating the body, parallel forces 
may also move the body in a Straight line. 


‘ W, 


Fig 2.3 
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For example in the figure 2.3, W,,T and W, to the sum of the downward force. 
act in the upward direction where T is the tension 2. The sum of the clockwise moments must be 
of the string and the forces W,, W, and W, act in equal to the sum of the anticlockwise mo- 
the downward direction. If the body i is toremain ments. 
in equilibrium 


The above two conditions are referred to as 
the law of moments. 


1. The sum of the upward force must be equal 


— — 50cm — — — —_ x 


50 gm 


Things eeded: 1. A metre ae with a hole drilled on she 6 em mark. - 
(if this available,an ord : 
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4. Calculate thet moments te of the fore W, x a and W, x ee in each 
1 alues are: re eqwal or rhe) equal, ole principle of mo- 


Activity 6: Supply the missing numbers wherever Beat is a question mark. 
@) fle tee : 


» ANS: (a) 25 (b) 25 (c) 40 


2.2 Meaning of motion 


When a body moves it is said to be in motion. To 
decide whether or not a body is in motion, it is 
necessary to see if there is any change in its 
position with respect to other bodies around it. 
For example, if the position of a car changes with 
respect to the houses and trees, then the car is 
said to be in motion with respect to those bodies. 


On the other hand, though the earth is moving 
around the sun in its orbit, all the objects on the 
earth move with it and so don’t have any change 
in position with respect to each other. Hence 


Activity 7: Test your knowledge. 


1. Motion along a straight line is called 
_ 2. Motion along a curved path is 


you, and all the objects in the room are said to be 
at rest with respect to each other. 


How can forces be recognized? 


Acyclist sets his cycle in motion with the help 
of the force he exerts on the pedals. Cars and 
other vehicles are driven with the help of engines 
which exert forces. The football player stops a 
ball or changes its direction, exerting a force on 
the ball by using his muscles. 


Forces are recognized by their effects. They 
can accelerate bodies, slow them down, change 
the direction of motion, or deform them. 


motion. 
motion. 


_ 3. Motion such as seen in a spinning top or an electric fan is called 


motion. 


4, The pendulum of the clockhas 
§. Motion which is irregular or haphazardi iscalled 
. 6. Motions which oceur again and again are called 


motion. 
motion. — 
motion. 


_ 7. If repetitive motion takes place after reguiar intervals of time it is 


called motion. 
8. All periodic motions are 


i Allot 1 mark for each correct answer. 


_ Answers: 
7. periodic. 8. repetitive. 


1. rectilinear. 2. curvilinear. 3: eo aetely, 4. oscillatory. 5. random. 6: repetitive. 


. Hyaurscoreis 8- 10 Very Good. 6-8 Good. 5 Fair. Lessthan§- + You nead to ravise your previous 


ok i 


2.3 Scalars and vectors 


Most of the quantities used in science are classi- 
fied as either scalar or vector quantities. A scalar 
quantity is one which has only magnitude (or 
size). A vector quantity has both magnitude and 
direction. When we say a substance weighs 50 
gm or a tank has 500 litres of petrol, we are 
dealing with scalar quantities. On the other 
hand, when we are talking of velocity, accelera- 
tion, force, in addition to the magnitude we also 
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scalar has only magnitude 


an EEeeeeeEeeeeEeE 


vector has both magnitude and direction 
Fig. 2.4 


have to state the direction. These quantities are 
therefore vectors. 


A boat or a steamer cannot be navigated unless 
the direction is specified in addition to the speed. 
Similarly, an aeroplane cannot be piloted unless 


adings given below: 


the direction is specified. Hence, the motion of 
the boat or plane is completely described by its 
speed (magnitude) and direction. 


vity 8: Place the following list of physical quantities, under ihe 


~ force velocity. 

| density area 
volume _— speed 
weight displacement 


2.4 Speed, velocity, acceleration 
SPEED 


Mechanics is the study of objects or bodies in 
motion. The distance a body moves in unit time 
is called speed. Speed is defined as the rate at 
which a body changes its position. When we say 
a Car is travelling at the rate of 45km/hr, it means 
that the car travels 45 km in one hour. Or, 


distance travelled 
See 


speed = 
time taken 


= m/s 


In the SI system the unit of Speed is metres per 
Sec (m/s). For a car or a train or a bullet, which 
covers thousands of metres in an hour, it is more 


Convenient to express speed in kilometres per 
hour. 


1 kilometre 1000 metres 
Ikm/hr = = 
1 hour 360 x 60 secs 
WN 
lkm/hr = is m/s 


So if we want to convert km/hr into metres sec., 
we have to multiply by 5/18. 
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Vectors 


VELOCITY 


When we specify the rate at whi 
elling in a given direction then 
velocity not speed. Let us Say 
from a place A to B within at 
displacement may take pla 


ch a body is tray- 
We use the terms 
a body is moved 
ime rt Seconds. This 
ce in a number of 


ways. 

It can be moved along the path ACB to B or 
along the path ADB to B, The Speed of the body 
would be 

= Seance ACB if it moved along ACB, 
or 
distance ADB if i 
= —; —— ifit moved along ADB. 


Hence, speed depends o; 


travelled in unit time, 
c 


n the actual distance 


Fig. 2.5 


If, however, we consider the change of posi- 
tion of the body from A to B in the direction AB, 
the distance AB travelled in the direction A to B 
or B is called the displacement of the body. Dis- 
placement of the body is defined as the distance 
travelled in a particular direction. Velocity is 
defined as the rate of displacement of a body. 
displacement 


ite 
Or, velocity tiie m/s 
or displacement (s) = velocity (v) xX time (2) or, 
‘Si= vi 
eral 
Vie 
Ss 
t= — 
v 


Thus, a train may be said to be travelling at a 
velocity of 45 kilometres per hour due north. If 
we consider the motion of a train on a circular 
track we will note that although its speed is 
constant, its velocity changes because its direc- 
tion constantly changes. 


Uniform velocity: The velocity of a body is 
said to be uniform when it covers equal distances 
in equal intervals of time however small the 
intervals may be, the direction remaining con- 
stant. The velocity of a body is said to be variable 
when it passes over unequal distances in succes- 
sive equal intervals of time or changes its direc- 
tion of motion. Thus, a train has a uniform 
velocity of 6 metres per second if it regularly 
moves a distance of 6 metres in one second in a 
constant direction. If a train does not regularly 
traverse a distance of 6 metres in a second, but 
instead halts at stations, then its velocity at the 
time of leaving a station or reaching it, will be 
different from its velocity between the stations 
and so we say that it has a variable velocity. 


A body moving in a curved path, such as the 
hands of a clock, has constant speed but not a 
uniform velocity because its direction changes 
continually. Uniform velocity is measured by 
the displacement in some unit of time. 


In the case of a body moving with a variable 
velocity we speak of its average velocity. In this 
case, the total distance travelled by a body is 
divided by the time taken to travel this distance. 


When the velocity of a moving body is not 
constant, i.e., it increases with time, it is said to 
have acceleration. 


Acceleration is defined as the rate of change 
of velocity with time. 


or acceleration (a) = 
change in velocity _ m_ 
time taken Bas 

When equal changes of velocity take place in 
equal intervals of time, the acceleration is said to 
be uniform. For example, if a body has a velocity 
of 50 m/s at any instant, after 10 seconds its 
velocity is found to be 100 m/s, and after the next 
10 seconds its velocity is found to be 150 m/s and 
soon. The velocity here changes by 50 m/s every 
10 seconds and so is called uniform acceleration. 


Acceleration (a) = 
change in velocity 50 m/s 
time taken 10s 


=57)s = 5 m/s? 


If the velocity of a body gradually decreases 
as time goes on, it is said to have retardation or 
negative acceleration (deceleration). 


For example, consider a body moving with 
a velocity of 100 m/s. After 10 seconds its 
velocity decreases to 80 m/s and in the next 10 
seconds its velocity decreases to 60 m/s, and so 
on. Here the velocity decreases by 20 m/s in 
equal intervals of time of 10 seconds. Hence the 
retardation is 


2 
na 2 m/s? or, acceleration 


—2 m/s? 


Activity 9 Fill up the bianks wherever they occur. 


Calculation of resultant velocity : Sometimes a 
particle ora body may have two different veloci- 
ties at the same time. How can this happen? 


Consider a man walking on the deck of a ship. 


The ship moves with a certain velocity ina given 
direction and the man on the deck has his own 
velocity as he moves about on the deck. Hence 
the man has two velocities. 


Activity 10: Make a list of examples of bodies inact different oes 


at the same time. 


To find the resultant of two velocities we use 
the law of parallelogram of velocities which 
states: If a particle simultaneously possesses 
two velocities represented in magnitude and 
direction by the two sides of parallelogramdrawn 
from a point, they are equivalent to a single 
resultant velocity represented in magnitude and 
direction by the diagonal of the parallelogram 
passing through that point. 


Let OA and OB represent two velocities vy. andy 

respectively, of a particle at O. Complete the 
parallelogram OACB and draw the diagonal OC. 
The length of the diagonal represents the magni- 
tude of the resultant velocity and the angle 6 
gives the direction it makes with the horizontal. 


a is the angle which vy, and v, make with each 
other. 


Fig. 2.6 


| Activity dit ‘Example: 


__A person sits on a railway train ‘going fread at a speed of 
30: km/hr. if, he now getsup and walks across the carriage floor with 
| a velocity of 10km Po hr what is his ee UDO: with respect 
. to the track? : : 


1. Choose a “convenient seale to represent ‘velocity such as 
tem = Bkmtfhr 


2. Draw OA to repre-. 
gent 30 km/hr., te.,; 
80/5 =6 em. 

3. Draw OBperpendicu- 
larto OAtorepresent — 
the motion across the 
carriage at : 

10 km/hr. : ° velocity of train 30 knvhr 
ie. 10/5 = 20cm. 


cod Complete the parallelogram OACB which in this case is a 
. pecangte: 


10knVvhr 


velocity of man 


2b: Measure the dinzonal' OC which i is 3 the resultant Pepe 
: OC =6.3cm. 


_ 6. Since 1 cm represents 5 km/hr 6.3.0m repress 6.3X co = 31.5 
km/hr. 


7. Measure the angle @ which the resultant voy makes with the 
horizontal: 
0= 20°... : ces 
8 The resultant velocity of the man with respect to the track is 
31.5 km at an angle of 20° with the horizontal. 
2.5 Displacement/time and velocity/time 
graphs 
It is often convenient to use a graph to represent 


motions. distance 


TIME-DISTANCE GRAPH 
retardation 


A time-distance graph is one in which the dis- 
tance covered is plotted upwards along the Y- 
axis against time on the X-axis. For a body 
moving with uniform velocity, the graph is a time 

straight line. If the body accelerates so that its Fig 2.7 Time-distance graph 
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velocity increases with time the graph curves a distance AB 
upwards. If it slows down i.e., if itis retarded Therefore velocity = ms 


time OB 
(negative acceleration) the graph curves down- ABW peers gradienvorsieneor line Of. 
wards. OB. “ 
Now if we take a point A on the graph and drop VELOCITY-TIME GRAPHS 


2 petpeadiculan Azion ne TOE es ), 1. For a body moving with constant speed, we 
then, AB represents the distance moved in time 


have seen 
Ole. distance 
Y ime — | 
or,v 5 | 
A 2 Hi oan 
or,s = vt 
| 60 
| « 50 
| £ 
g | & 40 
Cc 
30 
a | 3 
Ma | & 20 
| MY | 
OD A 6 8 1.0 
fo} time B x time (hrs.) 
Fig. 2.8 Fig. 2.9 


Activity 12: From the following data, plot a time-distance graph. Deduce 
the velocity at the end of 0.5 sec. 


Tims - Sec 


Distance (mn) 


Activity 13: Describe the motion of the car whose motion is represented 
by the following graph. 
60 
50 | 
40 


For a car moving with a speed of 45 km/hr, at 
any instant its speed is the same, i.e., 45 km/hr. 
So, a speed-time graph to represent this would be 
as shown in Fig. 2.9 . 


Look at the graph (Fig.2.9). What is the speed 
after 1/2 hour? after 2 hours? Is it constant? 
What can you conclude if the graph is a straight 
line parallel to the X-axis? 


A car starting from rest, accelerates to a ve- 
locity of 30 km/hr in 15 min. It travels with this 
constant speed for 25 min. The brakes are then 
applied and it comes to rest with uniform retar- 
dation in 10 minutes. We can draw a graph to 
represent its motion as in fig. 2.10. 

50 


40 


10 20 30 40 50 © 
time (min) Fig. 2.10 
OA-> accelerated motion for 15 minutes 
initial velocity =0, 
final velocity = 30 km/hr. 


AB -» constant velocity for 25 minutes. 


BC-— retarded motion for 10 minutes. 
initial velocity = 30 km/hr, 
final velocity = 


2.6 Equations of motion 


Let us consider a body whose initial velocity is 
u, moves for a time t with a constant acceleration 
a, and so acquires a final velocity v. It moves a 
distance s in time t. Now, from the definition of 
acceleration the change in velocity = v—u. 
vou 


-. Tate of change of velocity = 


by definition this is equal to the acceleration a. 


v—u 
a= 7 Daal (a) 
or, v—u = at 
or, Vi) Uae Gh, aecteteesse (1) 
Now, distance = average velocity x time 
ut+yv 
= SGA ees 
ie ( 5 ) ) 


Substituting the value of v from (1) we get 


ut+utat 
s = (—,—_)*t 


velocity = 30 km/hr. 


| Act 14; ae a a graph to » tlepict the following: 


rest accelerates with uniform acceleration to 
Its velocity remains constant for the next half 
sepied and the vehicle comes to restinthe — 


the velocity five rninuces after the startand — 
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at 
S ——} Xt 
(«+5) 


1 
S= ut tar cep akg (P4) 
From the expression (a) we have 
Vi Mar eee (c) 


and from (b) we have 


uty 
gly ET Vy 
3 2 


2s = (u+v) xt 
2s 


ut+tv = ; -. (d) 
Multiplying (c) by (d) 
(V-u)(V+u) = WX = 
v—v = 2as a, @) 


The equations (1), (2) and (3) are referred to as 
the first, second and third equations of motion re- 
spectively. 

The following problems based on the three 
equations of motion have been worked out for 
you. Copy the problems into your note book and 


work them out independently. Then check your 
working with the solutions. 


Problem1: Acar accelerates from rest to 30 kml 
hr in 30 sec. What is its acceleration? How far 
does it go in this time? 


Given: initial velocity u = 0 
final velocity v = 30 km/hr 
5 
=— 3X. == 
cle 
25 
= — m/s 
3 i 
timetaken ¢ = 305 
a=7 
s=? 
rom the first equation of motion we have 
v Sa UE sp cate 
B= 0+ ax30 


30 


1h 2S) 
30a= 3 
G5 
Pe og 
or, a = .28 m/s? 
From the second equation of motion we have 
Ss =ut thar 
= 0X30 + 1x 25 x 30? 
2 90 
= 0+ 1x 25 x 30x30 
2 90 
s = 125m 


Problem 2: A train travelling with a speed of 36 
kmlhr is brought to rest by applying the brakes. 
If it travels a distance of 100 m under a uniform 
retardation before coming to rest, find the value 
of the retardation. 


Given: initial velocity u = 36 km/hr 


5 4 
36 x— i 
6 ig ™S 


i] 


= 10 ms" 
Final velocity y = 0 
distance s = 100m 


From the 3rd equation of motion we have 
v?7—w = as 


or a = 


a 


i] 
| 
tn 
E 
v 


Of the retardation = 0.5 ms. 


2.7 Acceleration due to gravity 


The earth attracts all bodies on or near its 
Surface, and this attraction is cal 


ed gravity or 
8ravitational attraction. 


Under the action of 


gravity, all bodies, when free to move, move 
towards the centre of the earth. Fora body falling 
freely under gravity the motion is one with a 
constant acceleration. This constant accelera- 
tion developed in freely falling bodies is called 
the acceleration due to gravity. It is represented 
by the letter ‘g’ and its value is usually taken as 
980 cms” or 9.8 ms”. 


This value varies slightly from place to place 
on the surface of the earth because the earth is not 
a sphere but is slightly flattened at the poles. 


Galileo’s experiment : In order to show that all 
bodies fall with the same acceleration, Galileo, 
who was teaching in the University of Pisa, took 
two balls of iron, one weighing 100 pounds, and 
the other, half a pound, to the top of the leaning 
tower of Pisa, and dropped them simultaneously. 
He found that they both reached the ground at the 
same time. 


Newton’ s experiment: If you drop a 10 paise coin 
and a feather simultaneously from the same 
height, the feather falls more slowly than the 
coin. This is not because gravity acts differently 
on the two bodies but because the resistance of 
air is greater for lighter bodies. If there was no 
air, both the feather and coin would reach the 
ground simultaneously. Newton demonstrated 
this in his famous guinea and feather experi- 
ment. 


He placed a guinea and a feather inside a long 
glass tube and removed the air from it by con- 
necting the opening to an exhaust pump. When 
there was no air inside, it was seen that if the tube 
was suddenly inverted, the coin and feather fell 
together. On re-introducing air into the tube the 
feather fell more slowly than the coin. 


This experiment confirmed that in the ab- 
sence of air all bodies fall with the same accelera- 
tion. 


The three equations of motionare also used in 
calculations involving motion under gravity. The 
acceleration a in the equations are replaced by 
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feather 


+ evacuated 
tube 


@= 


Fig. 2.11 Newton's feather and coin experiment 


to pump 


the acceleration due to gravity g. When writing 
the equations for motion under gravity, the fol- 
lowing points must be remembered : 


1. When a body is thrown downwards, the accel- 
eration due to gravity is positive. 


2. When a body is thrown upwards (against 
gravity) the acceleration due to gravity is 
negative. 


3. For a freely falling body the initial velocity is 
zero. 


(1) For a body thrown downwards with an 
initial velocity u, let t be the time taken for it to 
fall through a height h. 


The equations of motion become 


v=u-+gt Bomai6)) 
h= ut +4 gt .... (ii) 
v= w+ 2gh .... (iii) 


since, a= +g ands=h 


(2) For a body thrown upwards with an initial 
velocity u, let t be the time taken for it to move 
through a height h. Then since 


=-g ands = Ah. 
v=u- gt ca (6) 
h = it ge... ii) 
v= 2—2¢h ... (iii) 


(3) For a freely falling body dropped from a 
height h, u =O anda =+g. 


Vv = gt Bei (t) 

h = 1 ge an (th 
5 g (ii) 

v= 2gh +e. (iii) 


Work out the following problems in your 
notebook and then check your working with the 
solutions, 


Problem]: A stone dropped down a well hits the 
water 4 seconds later. Find the depth of the well 
and the velocity with which the stone strikes the 
water. 


Given ¢ = 45sec. 


For a freely falling body 
§=98ms? h=? y=? 
1 
h =— gf 
7 & 
=1 xogxe 
2 
=1x98x 16 
2 
= 78.4m 
vy =gt 
= 9.8x4 
= 39.2 ms" 


Ans : Depth of the well = 78.4 m; Velocity = 39.2 ms-. 
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Problem 2: A stone is thrown froma cliff verti- 
cally downwards with a velocity of 5 ms. The 
acceleration due to gravity is 9.81 ms?. How far 


does it go in 2 seconds and what is its velocity 
then? 


uo = 5ms" 

& = 9.81 ms? 
t = 2sec 
R=) 
y=? 


From the first equation of motion we know that 


h = ut Bes gt? 
=5x24+4 x 981 x4 


= 10+ 19.62 

= 29.62 m 
vo =u + gt 
5 + 9.81 x 2 
5 +19.62 
24.62 ms"! 


Wl 


Ans : velocity = 24.62 ms-? 
height = 29.62 m. 


THE SIMPLE PENDULUM 


The simple pendulum is an instrument for meas- 
uring time. Galileo showed that the time of 
oscillation of a pendulum depends on the length 
of the pendulum and not on the weight of the bob 


or on the extent of swing (provided the Swing is 
small). 


A simple pendulum may be considered to be 
a heavy particle suspended by a weightless inex- 
tensible thread. In Practice, a simple pendulum 
consists of a small heavy metal sphere called the 


bob, freely suspended by a very thin and tortion- 
less thread. 


The distance between the point of suspension 
and the centre of gravity of the bob is called the 
effective length of the pendulum. One complete 


st gg 
ee 


point of suspension 7 
ny \ 1 
\t effective length 
‘ 
\ 
\ 


N 


/ 
__./one amplitude 


Be! We a 
metal bob - 
Sem 


one oscillation 
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I 
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Fig. 2.12 Simple pendulum 


toand fro motion is called one oscillation. Thus, 
when the bob starts from A, moves to B, back to 


A, then to C and back to A it performs one 


complete oscillation. The maximum displace- 
ment of the bob (AB or AC) on either side of its 


position of equilibrium is called the amplitude of 


oscillation. The time taken to perform one com- 


plete oscillation is called the time period or 


period of oscillation. 


I. Adjusting the length of. the| pendulum: 
Remember that the length of the simple pendulum 
is the distance between the point of suspension 
and the centre of gravity of the bob. 


(1)To adjust the length, first the radius of the 
bob must be determined. 


This may be done by placing the bob between 
the parallel faces of the two blocks, the faces 
being tangential to the surface of the bob (Fig. 
2.13 ). The distance between the inner sides 
of the block is measured with a scale. This 
gives the diameter from which the radius ‘r’ is 
calculated. (You may also use vernier calli- 
pers to determine the diameter.) 
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Fig. 2.13 Determining the diameter of the bob 
(2) Now, to set up the pendulum for a given 
length say 60 cm, suspend the bob from a 
thread, let the other end pass through the 
central hole in a cork or between the split 
halves of a cork. The cork is rigidly clamped 
and fixed to a stand. A set square or a block 
is held just touching the lower end of the bob 
(Fig.2.14). The distance from the point of 
Suspension to the face of the block in contact 
with the bob is adjusted to be (60 +r). The 
length of the pendulum is now exactly 60cm. 


(=) 
is) 
o 
w 
f=) 
5 
o 
a 
o 
2 
i=) 
x 
° 
[2] 
oS 
© 
f=) 
° 
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Fig. 2.14 Adjusting the length of the pendulum 


I. Determining the period of the pendulum : 
Since it is difficult to accurately determine the 
time taken for a single oscillation, this is gener- 
ally done by noting the time taken for say 25 os- 
cillations and then calculating the time taken for 
one oscillation. 


Sit in front of the pendulum and note the rest 
position, or position of equilibrium against some 
convenient mark. Then set the pendulum swing- 
ing with a small amplitude, say 3 cm. 


Time the oscillation by counting ‘nought’ as 
the bob passes through its rest position and si- 
multaneously start a stop-clock counting one, 
two, three, etc. each time the bob passes through 
its rest position in the same direction. In this 
way, find the time of 25 oscillations for a given 
final length. In each case the timing is repeated 


as a check on the previous reading. From the 
answer obtained, the period of the pendulum 
may be determined. 


UL Period = lime taken for 25 oscillations 
erl00 = number of complete oscillations 


IV. The length of the pendulum is increased in 
steps of 10. cm, to 70, 80, 90, 100 cm. The period 
is found in each case. The readings are tabulated 
as shown below. The value of //T? is calculated 


for different lengths and the mean value of //T 2 
is calculated. 


It is seen that the values of / /T? in the last 
column is found to be a constant. Record your 
observations in the tabular form. 


Diameter of the bob = 
Radius of the bob 


Serial No. 


Mean //T 2 


V. Calculate the value of g from the relation 


An?l 
T? 


VI. State your result thus: 


g= 


The acceleration due to gravity is ......... ms~ 


Problem 1: 1. The period of oscillation of a 
simple pendulum of length 90m is 1.9 s. Calcu- 
late the value of g at the place. 


l = 90m 
T = 1.9s 
8g =? 
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5) 
=4x (3.14) x —2_ 
G19 (Loy 
= 9.83 ms? 


2. Find the length of the seconds pendulum at a 
place where g = 9.81 ms. 


g = 981 ms? 
T = 2s (Seconds pendulum) 
{as = ih 2 
1 
= 4nr? 
& uss 72 


Substituting the values of g and T, we get 
= L. 
9.81 = 4x (3.14)? ate 


= _9.81x2? 
4x (3.14)? 


= .995 m. 
2.8 Motion in a circle with uniform speed 


Can we apply the equation of motion to circular 
motion? Why? 


ANGULAR VELOCITY 


Consider a particle moving along the circumfer- 
ence of acircle of radius r. The radius joining the 
particle to the centre rotates with the particle. 
This rotating radius is called the radius vector. 
When the particle moves from A to B on the 
circumference of the circle in t seconds, the 
radius vector turns through 6 or sweeps out an 
angle 0 in the same time. The rate at which the 
radius vector sweeps the angle is called the 
angular velocity of the particle, i.e., the angle 
described by the radius vector in one second. 
Hence, the angular velocity (@) omega 


gniotion 
mite 


Fig. 2.15 


A 


" Activity 15: Complete the following list 


Ball rolling on the ground. 


a. 


t 


Fig. 2.16 A radian 
In the SI system of units an angle is measured 
in radians. One radian is the angle subtended at 
the centre of a circle by an arc equal in length to 
the radius of the circle. 
Hence the unit of angular velocity is radians per 
sec. 


one radian 


[\ 


<< ' — 


If the distance AB = s, then the linear velocity v 


_ distance __s_ 
time t 
arc 
Now, angle = - 
& radius 
AB Ss 
OOS a ee 
or s =70 


Substituting this value of s in the expression for 
linear velocity 


ress 
Tot 
we. 
t 
(3) 
but — = 
y= ro 


This equation shows the relation between the 
linear velocity v and the angular velocity @. 


Marry-go-round 
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2.9 Newton’s laws of motion 


INERTIA 


The tendency of a body to remain at rest or, if 
moving, to continue in motion in a straight line, 
is described as inertia. In fact Newton’s first law 


1. Inertia at rest 


, of motion is sometimes called ‘the law of iner- 


tic’. The mass of a body is the measure of its 
inertia. 


The following are practical illustrations of in- 
ertia at rest and inertia in motion. 


Activity 16 ; Stack up a pile of books. Grasp the one at the bottom of 
the pile. Can you remove it without upsetting the whole pile on top? 


Activity 16b: Scoop up a spadeful of dry earth, Now pitch the earth away 
from you. Observe that when the spade stops the earth flies on because 


of inertia, : : 
2. Inertia of motion 


a. A marble rolling on the floor comes to rest 
after a while. This is because of the force of 
friction opposing the motion. If the floor and 
marble were perfectly smooth the marble 
would continue to roll until it is stopped. 


. The planets move around the sun due to the 
attracting force of the sun. Since they move in 
vacuum (space) there is no opposing force to 
stop them. Hence their motion is so amaz- 
ingly uniform that no remarkable change in 
motion has ever been detected. If, however, 
the sun’s attraction were suddenly removed 
they would continue their motion in a Straight 
line tangential to their orbit. 


NEWTON'S FIRST LAW OF MOTION 


An Italian scientist Galileo Galilee was the first 
to observe various bodies in motion. Later on, 
the English scientist, Sir Isaac Newton (1642- 
1727), included Galileo’s observations in his 
laws of motion. 
Every body continues in its state of rest or of 
uniform motion in a straight line unless com- 
pelled by some external force to change that 
state. 

Everybody knows that objects at rest do not 
begin to move by themselves. To move them 


some kind of a force has to be applied to them. 
But it is not immediately obvious that a body 
moving with a uniform velocity in a straight line 
tends to keep on moving for ever without comin g 
to rest. This is because there are various forces 
acting on this object, which slowly retard the 
motion of the object and bring it to a stop. 


If a body is moving with uniform speed along 
a straight line, it keeps on doing so and needs no 
force to keep up its motion. Only external 
Opposing forces can alter its original motion. 


FORCE 


Before we go into a scientific explanation of the 
term force it may be stated that we are accus- 
tomed to many such terms in everyday conversa- 
tion in a loose way, but they have a special 
meaning when used in scientific sense. Thus the 
word force in common usage denotes a push or 
pull, but what is the scientific meaning of the 
word force ? To get at this, a careful considera- 
tion of what a force can do is necessary. 


Newton’s first law of motion provides the sci- 
entific explanation. The first Law States that 
every body continues in its state of rest or of 
uniform motion in a straight line unless com- 
pelled by some external force to act otherwise. 
Thus, if the body is already moving, a force may 
alter its speed, or alter its direction of motion or 
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else bring it torest. Thus force can be defined as 
follows: 


Force is that which changes or tends to change 
a body’s state of rest or uniform motion in a 
straight line. 


MOMENTUM 


The momentum of a body is defined as the 
quantity of motion possessed by a moving body 
and depends on the mass of the body and its 
velocity. This is clear from the following illus- 
trations. 


30 km/hr 


Fig. 2.17 Motion depends on velocity 


Consider two buses of the same mass but 
raoving with different velocities. It is evident 
that though the masses are the same, a greater 
force will be required to stop A (which has 
greater velocity) than B (which has less veloc- 
ity). Hence we see that the motion of the buses 
depends on their velocities. 


Fig. 2.18 Motion depends on mass 


Now consider two vehicles A and B having the 
same velocities but different masses. 


It is evident here that'a greater force will be 
required to stop the heavier vehicle B. Hence, the 
motion of the bodies depends on their respective 
masses. 


Thus the motion of a body depends on its mass 
(m) and velocity (v). The product of mass and 
velocity (my) is called the momentum of the 
body. 


momentum mv kg ms! 


NEWTON'S SECOND LAW OF MOTION 


Newton realised the important connection be- 
tween force and momentum, and this is ex- 
pressed in his second law of motion. 


The second law of motion states that the rate 
of change of momentum of a body is directly pro- 
portional to the impressed force and takes place 
in the direction of the force. 


You have already learnt that the first law of 
motion gives us the definition of force. The 
second law of motion tells us how that force is 
measured. 


Suppose a body of mass ‘rm’ has a velocity ‘uv’. 
After ‘t’ seconds let its velocity be ‘v’. 
The initial momentum 


= mass X initial velocity = mu 
The final momentum 
= mass X final velocity = my 


.. The change in momentum in t seconds 
mv —mu 


-. The change in momentum in 1 second 


i.e. the rate of change of momentum 


) 


But “-™ is the rate of change of velocity i.e. 


my—mu _ 
t 


the acceleration a of the body. 
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.. The rate of change of momentum = ma 


By the second law of motion, the force (F) 
acting is proportional to the rate of change of mo- 
mentum: 

orF & ma 

To remove the proportionality sign, we multi- 

ply the right hand side by a constant: 
F = kma 
where k is a constant of proportionality. 


The unit of force is defined as the force 
required to produce an acceleration of 1 unit 
while acting ona body ofmass 1 unit. Substituting 
F =1,m=1 and a=1 in the relation F = kana, 
we find that k also equals 1. Thus we get 


F = ma 


In the C.G.S. system of units, the unit of force 
is the dyne. A dyne is that force which, acting on 
a mass of 1 gm, produces an acceleration of 1 
cms”. 


In the SI system of units, force is measured in 
newtons. A newton is that force which, when 


acting on a mass of 1 kg, produces an accelera- 
tion of 1 ms~. 


Thus, in the C.G.S. system F = ma dynes 
in the SIsystem F =ma newtons. 


Distinction between mass and weight : The mass 
of a body is the quantity of matter contained in 
the body. tis a measure of the inertia of the body 
and is measured in the units of mass, i.e., either 
in gm or in kg. 


The weight of a body is the force with which 
the earth attracts the body. Weight is measured 
in the units of force, i.e., dynes or newtons. The 
acceleration of freely falling bodies is the accel- 
eration due to gravity g. Hence, the weight 
which is the force of gravity 

= mass X acceleration due to gravity. 
ie.,W = mg. 


The mass of a body remains constant wher- 
ever the body may be. Since the weight of a body 


38 


depends on g, it is not constant, and varies 
depending on its position on the earth’s surface. 


WEIGHTLESSNESS 


A person will feel ‘weightless’ when the résul- 
tant force acting on him is zero. This is possible 
ina satellite. A satellite moving ina circular orbit 
tends to move away from the centre of the orbit 
(earth). The force acting on a body in circular 
motion tending to pull it away from the centre is 
called the centrifugal force. This force acts ina 
direction opposite to the direction in which his 
weight acts and so he feels weightless. 


Problem I :What is the force required to give a 
mass of 500 gm, an acceleration of 10 cms-? ? 


m=S500gm a=10cms-? F=? 
F=ma 

= 500 x 10 

= 5000 dynes 


Problem 2_: When the brakes of a car of mass 
1000 kg are applied, it experiences a retardation 


of 2.5 ms * Calculate the value of the braking 
force. 


m=S00gm a=—2.5ms-? F=? 
F=ma 

= 1000x-2.5 
F=—2500N 


F is negative here because the force applied is 
opposite to the direction of motion. 


NEWTON'S THIRD LAW OF MOTION 


The law states that every action has an equal and 
opposite reaction. 


The words action and reaction here are sim- 
ply other names for force. 


If you jump from a moving boat to the bank, 
the boat goes backwards from the bank. By the 
action of your muscles you have pushed yourself 
forward and you have pushed the boat back with 
an equal force. Whena bullet is fired froma gun, 


} reaction the explosive charge pushes the bullet forward 
with a high velocity. The gun is pushed back- 
ward through a small distance. This is known as 
recoil. 


The discharge of a rocket is due to combus- 
tion (burning) of the fuels inside it. A stream of 
gas is given off downward with great force; the 
rocket shoots upward due to the reaction, which 
is equal and opposite to the downward force. 
While considering the third law of motion it 
should be noted that: 


1. The reaction lasts only as long as the action 
persists. As soon as the action ceases the 
reaction also ceases. + 


2. Action and reaction act on two different bod- 
ies, never on the same body. 


action 2.10 Streamlining 


vad Ka) When we walk through a pool of water we 
experience a resistance to our motion just as 
objects moving in air experience a resistance to 
their motion. This shows that there is a frictional 
force in liquids. This frictional force is ‘usually 
referred to as the viscous drag of the liquid or 
fluid. 

When objects that move in air or water are 
designed in such a way that they experience the 
least amount of viscous drag it is called stream- 
lining. 


Activity 17. Make a list of action and reaction forces. Can you ada more 
examples to the list ? : : 
re a: Take a few objects of various shapes (preferably lighter 
dhe) and gently move them through some waier. Which shape offers 
most resistance to the motion ? Which shape offers least resistance to 
“the motion & oo . Goes : 
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is measured aby te phe of the re.and 


Vectors are represented by magnitude and 


@ Paralelogram tw of velotios, 


Some investigatory projects/ activities 


| Draw three objects that move in air or water which are streamlined. 


REVISION 


!. Fill in the blanks : 

1. The turning effect of a force is known as 

2. The point about which a body rotates is the : 

3. The moment of force is the product of the and 
4. According to the law of moments moments = 


of the force. 


5. Quantities which possess only magnitude are 
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moments. 


I. 


ao Sn 
a & © NHN = Oo 


oO OoaNnoar ond = 


. The mass of an obje 
The acceleration due to gravity is the same everywhere. 


. The momentum of a 
_ The unit of momentum is Nm. 


. The momentum of 


. Quantities which possess both magnitude and direction are 

. The rate at which a body changes its position is called 

. The rate of displacement of a body is called 

. When the velocity of a body increases with time it is called 

. When the velocity of a body decreases with time it is called 

. One kilometre per hour equals S/S. 

. Quantities which possess both magnitude and direction are called 


If two cars move in the same direction, with equal velocities, side by side, the velocity of any 


one car relative to the other is 


. Galileo showed that all bodies fall with the same 


Momentum is measured by the product of ____and 

The force acting on a body of mass 5 kg to give it an acceleration of 2 m/s? is 
. Every action has an and reaction. 

Angular velocity is the angle described by the in one second. 


State whether true or false : 


The moment of a force is the product of mass and distance from the fulcrum. 


. Ascalar quantity has only magnitude. 


Time is a vector quantity. 
Velocity is the rate of displacement of a body. 


. 1km per hour is 5/18 metres per sec. 


If the velocity of a body changes by 50 ms—in 5 secs. its acceleration is 10 ms—?. 


The acceleration due to gravity is a universal constant. 


|. The value of 1 radian is equal to 1 degree. 


If there were no gravitational force, planets would not revolve around the sun. 


. Momentum does not depend on mass. 


ct is the same on a satellite as on earth. 
car and lorry moving with the same velocity is the same. 


a body of mass 50 kg moving with a velocity of 10 ms— is 500 kg ms. 
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Hl. 


= 
= 


Choose the correct answer. 


= 


. The weight of a body is (a) greatest at the equator. (b) greatest at the poles. (c) remains the 
same throughout. 


2. The moment ofa force depends (a) only onits mass. (b) on mass and velocity. (c) on force and 
distance. (d) only on the force. 

3. The momentum of a body depends (a) only on its mass. (b) only on its velocity. (c) on neither 
mass nor velocity. (d) on mass and velocity. 

4. kg msec? is the unit of (a) momentum. (b) force. (c) moment of a force. (d) velocity. 

V. Answer the following questions briefly : 

1 


. Define the following quantities and give their units in the SI system. 
(i) speed (ii) velocity (iii) displacement (iv) acceleration (v) retardation. 
2. Find the value of Win the following diagram : 


3. Find the magnitude and direction of the resultant velocity in the following 
40 m/s 


60° 


50 m/s 
4. Find the value of v, and v 


v,= 15 ms? 


5. The data given below shows the speed of a car at intervals of 1 second. Plot the speed versus 
time graph, and use it to answer the following questions : 


(a) How fast is the car going at 2.8 sec.? At 4.5 sec ? 
(b) How far did the car travel between the two instants in part (a) ? 


20 | 30] 45] 5.0 | 60 | 
148 |17.2\19.6 |22.0 


6. The following time-distance graph is plotted for two cars Aand B. Study the graph carefully and 
answer the questions below: 


Time (s) 


Speed (m/s) 


(a) Which of the two cars is moving 25 
faster ? Be 

(b) Which car started ahead of the Ves B 
other 7 15 


(c) After what interval of time does 
A overtake B? 

(d) How many km does A travel before 
it overtakes B ? 


distance (km) 
a 3 


° 


0.0 041 0.2 0.3 0.4 0.5 
Time (hours) —————> 


7. The following graph shows the motion of two cars C and D. Study the graph and answer the 
questions below : 


a. Which car is moving faster 4 

b. Which car starts ahead of the other? 20 

c. Will one of them overtake the other ? 
If so when ? 


CarD 


a 


Kar C 


distance (km) 
3 


00 of 02 08 04 05 
Time (hours) ————————_> 
8. Amotor car moving with a velocity of 24 ms is uniformly accelerated at 2 ms* for 20 secs. What 
is its velocity ? 


1 ; 
9. Find the force required to give a mass of 3 kg an acceleration of 7 ms~. 
10. Find the acceleration produced by a force of 45 newtons on a mass of 15 kg. 


11. Acar starts from rest and is accelerated uniformly at the rate of 2ms~ for 5 seconds. Whatis 
its velocity at the end of this interval of time 2 
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12. 


13. 


aPon= <= 


10. 
11. 


The brakes are applied to a car travelling at 39 ms— and it comes to rest in 6 seconds. Find its 
retardation. 


Astone is dropped from a height of 10 m. Find the time taken for it to reach the ground. 


. Answer the following questions: 


. State and explain the law of moments. 


. How will you verify the law of moments in the laboratory ? 
. Derive the three equations of motion. 


. How are the equations of motion altered for motion under gravity ? 
. Describe briefly how you would determine the acceleration due to gravity in the laboratory using 


a simple pendulum. 


. Define inertia. Give two examples to demonstrate it. 
. State and explain Newton's first law of motion. 


Ifa person alights from a moving bus or train he runs for a short distance before coming to rest. 
Why ? 


. Describe Newton's experiment to demonstrate that all bodies fall with the same velocity and 


acceleration. 


State Newton's second law of motion and show that F a ma. 
State and explain the third law of motion. 


ICS 


3. Hydrostat 


iquids 


3.1 Properties of I 


3.2 Liquid pressure 


The weight of a block of iron resting on a table 
acts downwards and presses the surface in con- 
tact with the table. 


This pressing force acting perpendicular to 
the surface is distributed over the entire area of 
the surface and is termed thrust, i.e., thrust is the 
force acting normal toa surface. In the SI system 
thrust is measured in newtons. 


Consider some water contained in a cubical 
vessel. The total force or thrust on the base of the 
vessel is the weight of the water contained in the 
vessel. This thrust is distributed evenly over the 
area of the base. The thrust acting ona unit area 
is called pressure. This pressure varies from 


point to point depending on its depth below the 
surface. 


The pressure at a point due to a liquid is the 
normal force exerted by the liquid on unit area 
containing the point. The SI unit of pressure is 
a pascal. 


Presaire. = thrust = eens 
area m 
lpascal = Inm~? 


Calculating the pressure at a point within a 
liquid at rest : Consider a point o at a depth h 
from the free surface of a liquid kept in a vessel 
(Fig. 3.1). Describe an area a surrounding this 
point. From the boundary of this area draw lines 


vertically to meet the free surface of the liquid. 
Since the area of the imaginary cylinder is very 
small the thrust on this area may be taken to be 
uniform. The thrust on this area is the weight of 
the column of liquid above area a. 


Fig. 3.1 Pressure at a point in a liquid 


Thrust = mg 
= volume x density x g 
= ahxdXg 
= ahdg newtons 
We know that pressure = J 
area 
= _ahdg 
pee aa 
ott 
P= hdg pascals 


Example : Calculate the pressure at a point of 
depth 10 cm in a liquid (contained in a vessel). 
The density of the liquid is 1500 kgm’. 


h = 10cm 0.1m 
1500 kgm 

9.8 ms* 

hdg 

0.1 x 1500 x 9.8 
1470 pascals 


d 
g 
P 
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PRINCIPLE OF BALANCING COLUMNS 


When water is poured into tubes of different 
shapes communicating with each other, the water 


Fig. 3.2 A U-tube apparatus 


“Activity 2: U-tube method — 
“Aim: Determining the relative den- 


thro 
sing a 
the heights h, « 
mile bet CD 


sity of a liquid immiscible in water, — 


stands at the same vertical height in all the tubes, 
i.e. water finds its own level. In other words the 
pressure must be the same at all points at the 
same horizontal level. So the pressure at 
B = pressure at D. The apparatus as shown in 
Fig. 3.2 is referred to as an U-tube apparatus or 
a balancing column of liquid. 

Relative Density : The density of a substance has 
been defined as its mass per unit volume. 

mass 


ceney ~ Volume 


kgm~> 


The relative density of a substance is defined as 
the ratio of the density of a substance to the 
density of water. 

density of substance 


relative densi 
y density of water 
mass of substance 
hence, r.d. = 


Mass of an equal 
volume of water 


Since relative density is the ratio of two masses, 
it has no units. It is just a number which tells us 
how much heavier than water a particular sub- 
stance is. 
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Since B and C lie in the same horizontal line, the 
pressures at these points are equal, i.e. if P is the 
atmospheric pressure, then, 


Pressure at B 


Pressure at C 


P+hd,g = P+h,d,g 
or, h,d,g h,d,g 
or, hd, = h,d, 
d, h, 
OF Laat 


2 T 


d 
By definition 7 is the relative density of the 
2 


substance. Hence, 


Relative density 


” Aetivity 3: Determining the relative 
density of a liquid which ¢ is mis- 
cible in water. 

Method : 

_ Pour a quantity of mercury into a 

_ U-tube, so that it stands upto a 

- small height in both the limbs. 

_ Pour water next into one limb, and 

_ theliquid (e.g. saturated brine) into 


_ the other, until the columns bal- 


_ ance each other.Measure the heig- 


_ hts h, and h, of water and liquid 


S respectively above the mercury, 


hae 


= 


Relative density 


a given liquid is = 
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owe of water Height of liquid iad ae 
pe rs 


| ‘The relates” density of the 


Tabulate your readings as shown below. Calcu- 
late the value of h,/h, in each case and enter the 
value obtained in the last column. . Find the 


average h,/h,. This gives the relative density of 
the liquid. 


The densities of two immiscible liquids can be 
compared by the above method. In this case, the 
ratio of the densities 


where h, and h, are the heights of the two liquids 


above the horizontal line passing through their 
common level. 


Since B and C lie on the same horizontal line, 
the pressure at, B and C are equal. If the atmos- 
pheric pressure is P, then 
Pressure at C 


P+h,d,g 


PressureatB = 
P+hdg = 


i] 
| 


1 2 


: . oh 
Relative density = as Fahy 
The above expression is used to compare the 
densities of two liquids. 


3.3 Atmospheric pressure 


The surface of the earth is surrounded by a jacket 
of air about a hundred miles in height which is 
termed the atmosphere. The atmosphere can be 
looked upon as an ocean of air in which we are 
moving like fishes in the sea. Although this 
atmosphere is invisible, we easily feel its pres- 
ence all round us. Wind, which can be heard and 
felt, is merely air in motion. Air, no doubt, is 
much lighter than solids and liquids and to the 
ordinary man it may appear to possess no weight. 
But air also is a material substance and has 
weight. The weight of a definite volume of air 
and hence the density of air can be determined 
quantitatively. Since air has weight, it exerts a 
pressure on the surface. Itis this pressure exerted 
by the weight of the air which is termed the 
atmospheric pressure. 


Atmospheric pressure is constantly used for 
forecasting changes in weather. If the air con- 
tains much water vapour, its pressure is less (for 
water vapour is lighter than air) and the height of 
mercury in a barometer is less. A low reading, 
therefore, generally shows that rain is near. 


More than the actual pressure on any particu- 
lar day, it is important to see how pressure 
changes. A falling barometer means rain and a 
rising barometer means better weather. 


It is not, however, possible to forecast the 
weather by reading the barometer at one place. 
Every day the pressure is measured at different 
places and sent tc a central station. The readings 
are all plotted on a map and places of equal 
pressure are joined by lines, called isobars. The 
meteorologist compares the maps drawn on suc- 
cessive days and finds out the regions of the 
lowest pressure and the direction in which this 
region is moving. Then he asks himself the 
question, “What will the picture be tomorrow?” 
He sees perhaps that an area of low pressure is 
moving towards a particular part of the country. 
He next publishes his forecast in the newspapers 
and announces it on the radio. 


3.4 Pressure in gases 


Unlike solids and liquids, gases do not occupy a 
definite volume. A gas always occupies the 
whole of the available space of the vessel which 
contains it. If the volume of the vessel is in- 
creased, the gas still fills the whole vessel, but the 
pressure the gas exerts on its walls is reduced. 
Conversely, if the volume is reduced, the pres- 
sure is increased. 


BOYLE’'S LAW 


In 1662, Robert Boyle investigated the relation- 
ship between the volume of a given mass of gas 
and the pressure to which it is subjected and his 
results are expressed in the law called Boyle’s 
law. 


Boyle’s law states that the temperature re- 
maining constant, the volume of a given mass of 
gas varies inversely with its pressure. 


For example, when a man sits on an air- 
cushion, if its volume becomes 1/3 of its initial 
volume, then the pressure of the air inside be- 
comes three times the initial pressure. 


Thus if V represents the volume of a given 
mass of a gas whose pressure is P, then according 
to Boyle’s law 

1 


volume e< pressure 
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Activity 4: Try to undersiand how the following example has been 
worked out and then work tt out by yourself. 


1 
or V San | 


or PV = constant 


So if V, and V, be volumes of a given mass of 
gas, at pressures P, and P,, then 
PV, = PV, since PV is a constant. 


Example :The volume ofair enclosed ina Boyle’ s 
law tube is 50 cm’ at 760 mm Hg. Find the 
pressure at which the volume will be 76 cm’. 


P, = 760mmofHg. P, =? 

V, = 50cm’ V, = 76cm’* 

According to Boyle’s law, P,V, = P,V. 
760x50 =P, x76 

“.P, = 500 mm of Hg. 


MANOMETERS 


Manometers are instruments used for measuring 
the pressure of an enclosed volume of gas. 
Ordinary liquid manometers are used to measure 
pressures which are not very different from the 
atmospheric pressure. 


pressure exerted ~ 
by atmosphere 


to vessel 


pressure 
exerted by. gas 


Fig. 3.3 Open-tube manometer 
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Open-tube manometer : This consists of a U- 
tube open at both ends, which contains a liquid. 
If the pressure to be measured is slightly higher 
or lower than the atmospheric pressure, then oil 
is used as the liquid. If the pressure difference to 
the atmosphere is relatively large, then mercury 
is used. The end B of the tube is connected with 
the vessel containing the gas, the pressure of 
which is to be measured, while theend A is open 


to the atmosphere. 
same level—both equal to 


| 
| atmospheric pressure 


Fig. 3.3 b 

a. If the pressure inside the vessel is equal to the 
atmospheric pressure, then the level of liquid 
in both the limbs will be the same. IfP, be 


the atmospheric pressure, then the pressure 
inside the vessel is also P, . 


atmospheric pressure (Po) 


greater than Po 


Fig. 3.3 ¢ 


<s- 


b. If the pressure to be measured is greater than 
the atmospheric pressure, then the liquid is 
pushed up in the open limb A. The difference 
of levels of the liquid in the two limbs is noted. 
Let itbe A. Hence, the pressure in B is greater 
than the pressure in A, by the pressure exerted 
by the column of liquid of height h (Fig. 3.3c). 


If d_ is the density of the liquid, then the 

pressure exerted by the column of liquid 

= hdg. 

The pressure of the gas to be measured (P) is 
greater than the atmospheric pressure (P, ) by 
hdg. 


or, P = P, + hdg. 


atmosphere M7 


* pressure (Pp) less than Po 


Fig. 3.3 d 


c. If the pressure to be measured is less than the 
atmospheric pressure, the atmospheric pres- 
sure acting on the liquid in A pushes it up in 
the limb B of the manometer. The pressure in 
the vessel is now hdg less than the atmos- 
pheric pressure, or, P = P, — hdg. 


Closed-tube manometer : If the pressure of the 
gas is much less than atmospheric pressure (near 
vacuum), a closed U-tube manometer may con- 
veniently be used. One limb of this manometer 
is closed while the other is open. Mercury 
completely fills the closed limb, but there is a 
small amount in the open limb. The open end B 
is connected to the vessel containing the gas, the 
pressure of which is to be measured. When this 
pressure is very low, the mercury column in the 


[eae eg} 
Fig. 3.4 Closed-tube manometer 
closed tube descends. If h is the difference of 
levels in the two limbs, then the pressure P of the 
gas is 
P = hdg. 

The closed tube manometer can also be used 
to measure very high pressures. For this, the 
closed tube contains some dry air above the 
mercury column. When the vessel containing 
the gas whose pressure is to be measured is 
connected to the openend B, the mercury in tube 
A is pushed up, compressing the air above the 
mercury. By applying Boyle’s law to the pres- 
sure and volume of the gas before and after 
connecting the vessel, the pressure can be calcu- 
lated. The scale along the closed limb is gradu- 
ated to measure the pressure in atmospheres. 


Calculating pressure 


Before connecting to the gas supply, 

length of the air column J, = / 

difference in mercury level = h 

pressureP, = H + h (theatmospheric pressure 


After connecting to the gas supply whose pressure 
P is to be found 

length of aircolumn = /, 

difference in mercury level = h, 


pressure = P +h, 
Applying Boyle’s law, 
Pil, = Py, 


(v 1 ina uniform tube) 
(HH +hyl=(P +h,)l, 
From this P can be calculated. 
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to yessel 
containing 
gas 


3.5 Applications of fluid pressure 


Pascal’s law: This law states that an increase of 
pressure applied at any point in a liquid at rest is 
transmitted equally in all directions to every 
other point in the ees! 


Activity 6; (1) Take an 5 indiasrabber ball — 
and make a number of holes in it with 
a pin. Fill it with water and compress 
it with the hand. The water is forced 
out equally through the openings. 
(2) A syringe with a perforated 
spherical bulb at its ends is filed 
‘with water.When the piston is pushed 
inwards, water is found to spurt out 
radially with equal force as shown in 
the figure. What does this show? 
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THE BRAMAH PRESS OR 


Suppose we have two cylindrical vessels con- 
THE HYDRAULIC PRESS 


nected together and provided with pistons closely 
The principle of transmissibility of fluid pres- fitting into them. Let the area of the pistons be in 
sure finds its most useful application in the the ratio of 10:1. Let the small piston p be forced 
hydraulic press (Fig. 3.6). down with a weight of 1 kg; the large piston P 


WS 


cotton being pressed. 


pistonor ram 


fluid reservoir 


Fig. 3.5 Hydraulic press 


Fig. 3.6 
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will rise with a force of 10 kg weight (Fig. 3.6). 
The larger piston can thus be made to raise a 
weight of 10 kg by placing a weight of 1 kg onthe 
smaller piston. This result which appears strange 
is termed the hydrostatic paradox, but the para- 
dox is easily explained. 

Let the area of the smaller piston be 1 sq. m. 
The pressure applied on the smaller piston is 1 kg 
per sq. m. 

According to Pascal’s law, this pressure is 
transmitted equally in all directions. Thus, every 
sq. m of the larger piston has a thrust of 1 kg 
acting on it and hence since the area of P is 10 
times that of p, the total thrust on P is 10 kg 
weight. Hence, any force applied to the smaller 
piston causes a larger force to be exerted by the 
larger piston. If A is the area of the larger piston 
and ‘a’ that of the smaller piston, then for every 
kgf applied on the smaller piston, the larger 


small piston: 


piston will rise with a force A st of kg weight. 


If A is 100 times greater than ‘a’ then4-= 100, 
and the thrust is multiplied 100 times. 


The principle is used to compress paper or 
cotton bales, and pressing metals to desired 
shapes, etc. 


HYDRAULIC JACK 


Based on the principle of Pascal’s law, a lifting 
arrangement is used in factories and garages for 
lifting motor cars, etc., for Tepair work. It is 
known as the hydraulic jack lift. 


When the small piston is raised upwards the 
liquid is sucked in through the bottom valve (6). 
When the piston moves downward, the bottom 
valve closes and the side valve (6) Opens and the 
liquid is pushed into the larger cylinder. 


body being lifted 


Er Valve to lower the load 


Fig. 3.7 The hydraulic jack 
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_ Adtivity?: Given below is the schemahe diagram of the hydraulic brake - 
_ system. Looking at the diagram, describein a few words the principle 


_ of operation of the brake. 


_ The cylinders and pipes are filled with a special liquid called the brake 


» fluid. 


1. brake pedal 
rotating wheel 
in a cylinder 


2. cylinder with pist 
4, brake shoes 


THE FORTIN'S BAROMETER 


In the ordinary type of barometer, it is necessary 


to take the reading of the mercury level in the , ! scale 

cistern. The difference between the levels is the A |p vernier id 

barometric pressure. The measurements in the Bp” vernier 

case of this type of barometer is a bit cumber- | ae ore sae 

some, time consuming and not very accurate. 4 barometer 30) 
In the Fortin’s barometer (Fig. 3.8) only one y tube meniscus 

reading, i.e., the reading of the level of the 4 war cexouretet 29 

mercury in the tube alone need be read and this wh pointer 

can be done very accurately. re KA ae zs 
Fortin’s barometer consists of a vertical glass ge RS agi enlarged view of 

tube dipping in a cistern containing mercury. aout mercury 


The upper part of the cistern is of glass, through 
which the surface of the mercury can be seen. 
The cistern is provided with a leather bottom 


ion 


4 


3. brake drum, coaxial with the 


5. brake shoe lining 6. spring 7. piston 
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(©) 


Fig. 3.8 Fortin's barometer 


which can be raised or lowered by a screw. A 
small ivory pin is fixed to the top of the cistern: 
The special feature of this barometer is that the 
surface of the mercury in the cistern can be 
adjusted by raising or lowering the screw so that 
it touches the ivory point. This ivory point 
exactly marks the zero of the vertical scale which 
is engraved ona metal tube surrounding the glass 
tube of the barometer. Usually the scale is 
graduated only from 68 cm to 81 cm and from 27 
inches to 32 inches. 


In order that the readings may be taken accu- 
rately, the barometer is provided with a vernier 
which can be moved up and down in a slot in 
front of the tube. A metal plate connected to the 
vernier moves up and down a similar slot at the 
back of the tube. The bottom edge of the vernier 
(which marks the zero of the vernier) is ona level 
with the bottom edge of the plate. The line 
joining the marking of the two bottom edges is 
the line of sight. 


In taking a reading the vernier is raised up and 
down, till the top of the convex surface of the 
mercury is ona level with the line of sight. This 
avoids any parallax error in the reading. 


To take a reading : 


1. Raise or lower the screw operating the leather 
bottom till the surface of mercury in the cis- 
tern just touches the ivory point. 

2. Lower the vernier plate from above reducing 
the clear space above the mercury in the tube 
till the top of the convex surface of the mer- 
cury is ona level with the line of sight, namely 
the line passing between the bottom edge of 
the vernier plate and the corresponding back 
plate. 

3. The reading is now taken using the main scale 
and the vernier. Readings upto second deci- 
mal place of a cm can be obtained. 


3.6 Archimedes principle 


Archimedes principle states: When a body is 
wholly or partially immersed in a liquid, it ap- 
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pears to lose some weight. The q 


ars to pparent loss of 
weight is equal to the weight of liquid displaced 
by it. 


ABCDEFGH is a cube immersed in a liquid 
with the faces ABCD and EFGH horizontal. 
The liquid exerts thrust on all the six faces of the 


face is given by 


thrust = pressure x area 
= hdg x @ 
where h is the depth of th Upper face of the cube 


€ of liquid, a is the Side of th 
cube and d is the density of the liquid. ; 


Fig 3.9 


The thrust on the lower 5 


urfa : 
given by Ce of the cube is 


thrust = pressure X area 
= (h+a)dg xq 


«. the resultant thrust on the cube is 
(h+a) dgq? — hdga? 
= a’dg 
Since a’ is the volume of the cube, g? 


(acting upwards) 


Xd gives 


the mass of the volume of liquid displaced by the 
cube. 


~. thrust = mg 


Thrust 


weight of displaced liquid 


Since this thrust acts upwards itiscalled upthrust | 
or buoyancy of the liquid. It is this upthrust or 
buoyancy which causes the body to appear to 
lose weight. 


3.7 We have already seen in section 3.2 that 


mass of a substance 
mass of an equal volume 
of water. 


relative density = 


The relative density of solids and liquids can 
be determined using Archimedes’principle. 


Determination of relative density from 
Archimedes’ principle : 


weight of liquid 
displaced 
But a body displaces a volume of liquid aS to 


its own volume. 


-. Loss of weight of a body ina liquid = weight 
of its own volume of liquid 


Loss of weight in liquid 


So if a body is completely immersed in water, 


loss of weight of body in water = weight of an 
equal volume of water .... (1) 


Now, from our definition of relative density 


relative density = ™ass of substance 
mass of an equal 
volume of water 


and from (1) 


relative density = —™8SS of substance _ 
loss of weight in water 


weight of a substance in air 


Toss of weight in water ... (2) 


Hence, Archimedes’ principle may be used to 
determine the relative density of a substance. 


-. relative density = 


1. Relative density of a solid heavier than water 
and insoluble in water. 

Take a solid whose relative density is to be 
determined and suspend it from the hook of the 
left scalepan of a physical balance by means ofa 
very fine thread. Weigh the susbtance in air. Let 
this weight be W,. To weigh the solid in water, 
a hydrostatic bench is placed over the left pan of 
the balance. The pan should not touch the bridge 
as it swings. A beaker of water is then placed on 
the bench so that the solid is compietely im- 
mersed in water. Care should be taken to see that 
the body does not touch the sides or bottom of the 
beaker. There should be no air bubbles sticking 
to the solid. 


object water 


hydrostatic bench 


Fig. 3.10 Relative density : solid heavier than liquid 


Find the weight of the solid in water. Let this be 
W,. 
2 


S7 


Weight of the solid in air = W, 
Weight of the solid in water = W, 
Loss of weight in water =W,-W, 
From (2) 

relative density 


a weight in air 
loss of weight in water 
Ww 


relative density we 
i 2 


2. Relative density of a solid lighter than and 
insoluble in water, e.g. cork. 


Since the substance is lighter than water, it will 
float in water. Therefore, to keep it in water 
another heavy solid known as a sinker is used. 
For example, a piece of iron or lead may be used 
as a sinker. 


The procedure is illustrated in Fig. 3.14. First 
tie a thread to the sinker, immerse it in water and 
determine its weight in water. Let this be W,. 


sinker in water (W,) 
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sinker in water cork in air (W,) 


Then the cork is attached to the same thread in 
such a way that it is above the water surface, so 
that its weight in air can be determined. Let the 
weight of cork in air + sinker in water now 
obtained be W,. Next tie the cork near the sinker 
so that both are totally immersed in water, and 


find their combined weight in water. Let it be, 
W,. Then, 


weight of cork in air = W,-W 


weight of cork in water 


iT} 
= 

| 
= 


loss of weight in water = 
weight in air — weight in water 
(W,-W,)-(W, -W,) 
=" Wee Ws 
weight in air 
weight in water 
W,—W 
relative density =? 1 
W.-W, 


-. loss of weight in water 


relative density = 


sinker in water cork i 'n water (W,) 
Fig. 3.11 Relative density : Solid lighter than water 


3. Relative density of a liquid 


A solid heavier than the given liquid and water, 
is taken. The solid should be insoluble in water 
and in the liquid. Usually a glass stopper or a 
metal bob is taken. 


Suspend the solid by a thread and find its 
weight in air, water and liquid as in the previous 
experiments. Let the 


weight of the solid in air =W, 

weight of the solid in water = W, 

weight of the solid in liquid =W, 

By Archimedes’ principle, 

loss of weight in water = weight of water 
displaced 


loss of weight in liquid = weight of liquid 

displaced 
Since the same solid is immersed in both 
liquid and water, the volume of liquid and water 


displaced are the same. By definition, 


weight of any volume 
of a substance 
weight of an equal 
volume of water 


weight of liquid displaced 


weight of water displaced 


loss of weight in liquid 


loss of weight in water 
W, a W, : 
W.-W, 


relative density = 


relative density = 


or relative density = 


_ Activity 9: Follow the steps given in experiments 1, 2 and 3 to 
fe out the relative densities a C a metal bob, 2 a rubber 
BS 2 HG) kerosene oll, : : 


nd the 


Example 1_A solid weighs 27.85 gm in air and 
16.45 gmin water. What is its relative density ? 


weight of solid in air = 27.85 gm 
weight of solid in water = 16.45 gm 
apparent loss of weight = 11.40 gm 
; . weight in air 
lave .density Toss of weight in water 
_ 27.85 gm 
~ 11.40 gm 


= 2.44 
Example 2 


A piece of wood weighs 74 gm in air. A lead 
sinker which weighs 32 gm in water is attached 
to the wood to sink it. If the total weight in water 
is 13.5 gm find the relative density of wood. 


59 


Work out the fee wroblens and then check the 


weight of wood in air + weight of sinker in water 
= 74 gm +32 gm 
= 106 gm 


weight of wood in water + weight of sinker 


in water = 13.5 gm 

Subtracting, 

weight of wood in air— weight of wood in 
water 

= 106 gm— 13.5 gm = 92.5 gm 
ie., weight of water displaced = 92.5 gm 
F i weight in air 74 em 
Telative density = Toss of weight = 325m 
in water 
= 0.8 


Basic concepts 
1. Pressure at a point within a liquid at rest = hdg pascals. 


2. According to the principle of balancing columns, the pressure must be the same at all points in the same 
horizontal level. : : : 
sire é mass of a substance 

® Reaive sensi = Mass of an equal volume of water 


. Boyle's law states that temperature remainin 
as its pressure, V a 1/P. 
or PY = constant. 


> 


ig constant, the volume of a given mass of 985 varies inversely 


5. Manometers are used for measuring pressure. 


6, Pascal's law states that an increase in pressure applied at any point within a liquid atrest is transmitted equally 
in all directions to every other point in the liquid. 


— 


. Archimedes’ principle states that when abady is wholly orpartially immersed ina liquid, it appears to lose some 
weight, which is equal to the weight of liquid displaced by it. 


REVISION 
|, Choose the correct answer: 


—_ 


. Pressure at the midpoint of the liquid in a vessel 
a. is less than that at the surface. b. is greater than that at the bottom. c. is half that at the bottom. 


N 


Two solids of equal volume but different weights are submerged in water 


a. the loss of weight for both will be the same. b. the heavier object will lose more weight. c. they 
will have the same weight in water. d. they will displace different weights of water. 
. The apparent loss of weight of a body totally immersed in a liquid depends on 
a. the density of the body. b. the volume of the body. c. the weight of the body. d. the depth of 
which it is immeresed. 


[e*) 


a 


. fthe pressure of a given quantity of gas is tripled, and th 
a. is not changed. b. is tripled. c. is one third the initial 


. In an U-tube experiment, h, = height of liquid and h, = weight of water column, the relative density 
of the liquid is given by 


a. hh. b. hyh,. c. h,—h,. 
6. A falling barometer reading usually indicates 


a. a continuance of good weather. b. rise in te 
d. approaching rain or storm. 


je temperature kept constant, the density 
| pressure. 


ao 


mperature. c. change to better weather. 
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7. The hydraulic jack is based on 
a. Pascals’ law. b. Boyle's law. c. Archimedes’ principle. d. Principle of balancing columns. 


IL Fill in the blanks: 


1. Pressure is defined as the per unit area. 
2. The unit of pressure is . 

3. The pressure at a depth h in a liquid of density dis 
4. The relative density of a substance is the ratio of the to the 
5: 


The U-tube method of determining relative density is based on the principle that at 
points in the same horizontal line is equal. 


6. The volume of a given mass of gas varies with its pressure, the temperature being 
constant. 


Manometers are used to measure . 
If the pressure to be measured is only slightly different from the atmosphere then the liquid in 


> 


5 the manometeris tt. 
9. Closed tube manometers are used to measure pressures much than atmospheric 
pressure. 
10. The expression for relative density determined by U-tube and Hare's apparatus is 
height of the column. 
height of the column. 


Ill. State whether true of false. 
1, Pressure at a point inside a given liquid depends only on the depth of the point below the 
surface. 


2. The U-tube cannot be used to determine the relative density of a liquid which is miscible in 
water. 


3. The Boyle's law apparatus is used to measure high pressures. 


4. lf water and kerosene are poured into the two limbs of a U-tube Tespectively, water stands at 
a greater height than kerosene in the tube. 


5. The loss of weight of a cork if fully immersed in water is greater than its weight in air. 
6. The hydraulic brake is based on Pascals’ law. 
7. Bramah's press is based on the principle of balancing columns. 
8. It is more difficult to lift a stone under water than on land. 
9. The Bramah press is used for printing books. 
10. Atmospheric pressure increases as height increases. 


1V. Answer the following questions: 


1. Define pressure. Calculate the pressure at a point within a liquid at rest. 
2. What is the difference between density and relative density? 
3. How will you use the U-tube to determine the relative density of a. A liquid which is immiscible 
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in water. b. A liquid which is miscible in water. 


4. Describe the Hare’s apparatus method for detemninin 


5. How will you determine the relative densi 
principle? 


g the relative density of a liquid. 
ity of a solid heavier than water using Archimedes’ 


How will you determine the relative density of cork usin 
How will you determine the relative dens 
State and explain Boyle’s law. 


Describe the Boyle’s faw apparatus and show how it ma 

How will you measure pressure using the 

a. Open-tube manometer. b. Closed-tube manometer. 

Indicate the range of pressure each is Suitable for. 

11. The area of the smaller piston of ah 
5sq.m. How much weight can be ra 
piston? 

12. Draw a neat diagram of Fortin’s barometer and label its parts. 


13. What steps would you follow to read the aimospheric pressure from Fortin's barometer? 
V. Problems: 


1.A5 cm cube of iron weighing 925 gm is submerged in water. It displaces Cc of water. 
This volume of water weighs gm. The piece of iron will weigh gm less in 
than in air. The weight of the cube in water is ns 


2. Calculate the force of buoyancy on a stone of volume 1.5 Cu.m, immersed in sea water of density 
1030 kg/m®. (Ans: 151141.N = 15.141 kN) 


ig Archimedes’ principle? 
ity of a liquid by Archimedes’ principle? 


SOO OND 


y be used to verify Boyle’s law. 


as 


ydraulic press is 1 sq. m. and that of the larger piston is 
ised on the larger piston by a force of 100 kg on the smaller 


3. A body weighs 50 gm in air and 40 gm in water. Find its densi 


4. A body A weighs 7.55 gms in air, 5.15 gms in water and 6.35 gms in another liquid B. Calculate 
the relative density of A and B, (Ans. 3.15, .5) 


5. Mercury of density 13.6 gm/cc and ali 
mercury and the liquid are 3 cm and 


ity. (Ans. 5 gm/cc.) 


quid are placed in the limbs of 


a U-tube and the surface of 
28 cms respectively from their 


common surface. Find the 
density of the liquid. (Ans. 1.46 gm/cc.) 

6. A piece of iron has a mass of 890 gm and volume of 100 cc. When this is immersed in water 
calculate 


a. the buoyant force of water on 


it. b. the weight of iron in water. 
(Ans. .98N, .79 kg.) 
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4. Heat 


Temperature and its measurement - thermometri¢ scales - thermometers- 
mercury, alcohol, clinical and max/min -thermal expansion of solids , liquids 


and gases - es ene ne Ges be heat transfer- conduction, convection 
and radiation. ‘ 


4.1. Temperature and its measurement 


Temperature and heat: Temperature is a 
measure of the ‘hotness’ or ‘coldness’ of a body. 
Temperature tells us how hot or cold a substance 
is and it is a condition of a body which deter- 
mines the direction of flow of heat. This condi- 
tion can be altered by adding or taking away heat 
from the body. Knowing the temperature does 
not tell us how much heat there is in a body. Heat 
is a form of energy which can be present in small 
or large quantities. Thus, the amount of heat in 
boiling water depends upon the quantity of water 
concerned. Two kilograms of boiling water 
contains twice as much heat as one kilogram of 
boiling water although both quantities of water 
are at the same temperature. 


If there is a difference of temperature between 
two bodies, heat will pass from the body which 
is at the higher temperature to the body at the 
lower temperature, until both bodies come to the 
same temperature. 


MEASUREMENT OF TEMPERATURE 


Our sense of touch is quite reliable for compar- 
ing temperatures, but sometimes it can also prove 
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misleading. Put one hand in hot water and the 
other in cold water for a few moments. Now put 
both hands together in warm water. The hand 
which was in hot water will give you the impres- 
sion that it is now in cold water, while the hand 
which was in cold water will give you the im- 
pression that it is now in hot water. In this 
experiment, the ‘hot’ hand loses heat the mo- 
ment it is placed in warm water and so feels cold. 
Besides being unreliable under certain condi- 
tions, our sense of touch does not help us to 
measure temperature or a change of temperature 
accurately. 


THERMOMETER 


An instrument used for the measurement of 
temperature is called a thermometer. The ther- 
mometer widely used today is the mercury ther- 
mometer. 


Mercury thermometer : It consists of a thick- 
walled, properly annealed glass tube of uniform 
bore, at one end of which is blown a thin walled 
bulb (Fig 4.1). The bulb is usually of cylindrical 
form. The other end of the tube is sealed. The 
bulb and a portion of the stem are filled with 


Fig. 4.1 A mercury thermometer 


mercury. There is a graduated scale engraved on 
the stem. The scale is graduated by choosing two 
fixed temperatures as the lowest and highest 
marks on the scale. These are called the fixed 
points on the scale. 


While measuring temperature, the freezing 
and boiling points of water under given condi- 
tions are taken as the standards of temperature. 


These two temperatures are always the same and 
can be easily found. 


Determination of lower fixed point: In order to 
determine the lower fixed point, i.e., the f; Teezing 
point of water, the unmarked thermometer is put 
into a funnel containing pure melting ice, so that 
the bulb and lower part of the stem are com- 
pletely buried in the pieces of crushed ice 
(Fig.4.2). Below the funnel, a vessel may be 
placed to collect the water that drips from the 
melting ice. After several minutes, you will 
observe that the mercury stands at a constant 
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i j fahrenheit 
a ete thermometer 
- --—-lower fixed 
points : 
"OS oa melting ice 
v) 
6 
(SSS Spe— water 


Fig. 4.2 Lower fixed point 


level. A fine mark is made on the stem at this 
position. This is called the lower Jixed point or 
ice-point. 


Determination of upper fixed point: To deter- 
mine the upper fixed point, a double walled 
copper vessel called a hypsometer is used (Fig. 
4.3). This is fitted with a manometer at one side 
and an outlet for steam on the other side. Water 


manometer 


steam 


boiling water 


Fig. 4.3 Upper fixed point 


is boiled in the lower part of the hypsometer and 
the thermometer is fixed so that it is not touching 
the water. This is done so that the bulb and 
mercury get the true temperature of steam. The 
thermometer is fixed so that the mercury thread 
is visible just above the top of the cork. The water 
is kept boiling till the thread of mercury remains 
Stationary for some time. A fine mark is made on 
the stem in level with the mercury. This is called 
the steam point or upper fixed point. 


The double walls reduce loss of heat and so 
prevent steam from condensing on the ther- 
mometer. The manometer indicates whether the 
pressure inside the hypsometer is the same as the 
atmospheric pressure. 

4.2 Thermometer scales 

Having determined the two fixed points, a scale 
is put on the stem of the thermometer. This is 
done by dividing the space between the two fixed 
points into a number of units called degrees, 
written as °. 


There are different ways of dividing the space 
between the two fixed points. In one kind of 


Cc F 
100° *212° 
100° 180° 
o° 32° 
a b 
Fig. 4.4 


thermometer, the space is divided into 100 equal 
parts. Here, the freeziag point is marked 0° and 
the boiling point is marked 100°. The thermome- 
ter with this simple arrangement is called the 
Centigrade thermometer (Fig.4.4a). Each divi- 
sion or unit is called a degree of Celsius. This 
thermometer is the one generally used for all 
scientific purposes. 


Another kind of thermometer has the freezing 
point marked 32° and the boiling point marked 
212° (Fig.4.4). The space between the two fixed 
points is divided into 180 divisions. A ther- 
momeier marked in this way is called the Fahr- 

. enheit thermometer. Each division or unit is 
called a degree of Fahrenheit. 


From the figure it can be seen that the same 
range has been divided into 100 equal divisions 
in the Centigrade scale and 180 equal divisions 
in the Fahrenheit scale. So 1 degree Celsius is 
1/100 of the range, i.e., 1 div and C degrees 
Celsius is C/i 00 divisions, of the range. If Fis the 
same temperature on the Fahrenheit scale, it cor- 
responds to F ~ 32 divisions from the ice-point 
which is F — 32/180 of the range. 


Since the range is the san.e in both cases 


Cc F-—32 
‘100 ~ 180 
or C = oo [ F—32] 
Sy 
C = —— [F-32).......... (i) 
9 
or F- 32= <a 
or F = on SPM Boar ane (ii) 


So if we want to convert degrees Centigrade 
into Fahrenheit, we use (ii), and (i) to convert 
Fahrenheit to Centigrade. 
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: Activity 1 < Work out the problems given below and check your working 


_ with the solutions given. 


1. A Centigrade thermometer reads 50° C. Cal- 
culate its value in Fahrenheit from (ii). 


Fe= = C+32 
9 
== x50+32 
5 5 
= 90 +32 
F = 122°F 


2.The minimum temperature on a winter day in 
Ooty is 30°F. Find out what a Centigrade 
thermometer would read. 


F = 30, Ge ? 
From (i) 
c =2x -32) 
9 
5 
=— x 30-32 
9 ( ) 
5 
=9%x -2 
= -10 
9 
= —-1.11°C 


4.3 Thermometers 


The mercury thermometer 


has already been 
described in section 4.1. 


ALCOHOL THERMOMETERS 


Mercury freezes at — 39°C and so it is not used 
to measure temperature below ~30°C. For meas- 
uring lower temperature, alcohol may be used as 
athermometric liquid. Alcohol freezes at—115°C 
and boils at 78°c. If we compare alcohol with 
mercury as a thermometric liquid we find that 


(i) Alcohol has a narrower range of use, but 
the range extends much more than mercury 
on the low temperature side. 

Gi) Itexpands much more than mercury for the 
same rise in temperature. The divisions on 
the alcohol thermometer are therefore 
larger. The expansion of alcohol is not as 
uniform as mercury, hence its divisions do 
not represent equal intervals of tempera- 
ture. 

(iii) It takes about the same amount of heat from 


a body as mercury does for the same vol- 
ume. 


As alcoholis transparent, it is coloured blue or 
ted when used in the thermometer. 


SIX’S MAXIMUM AND MINIMUM 
THERMOMETER 
It is a form of the Fahrenheit alcohol thermome- 
ter (Fig. 4.5 ) which records both the highest and 
lowest temperatures during a period of time. It 


is used in meteorological stations and for agri- 
cultural purposes. 


Alcohol fills bulb C and the tube down to P. 
PMQ isathread ofmercury. Above the mercury 
at P and Q are steel indicators A and B, witha 
small spring on each. Due to the Springs being 
pressed against the walls of the tube, the indices 
can be in any position in the tube. There is a 
temperature scale on each limb; one graduated 
from the bottom and the other from the top. 


Before the instrument is set to work, the 
indices A and B are brought incontact with Qand 
P by moving a magnet along the outer wails of 
the tube. When the temperature rises, the 
alcohol in the bulb C expands and the mercury 
Meniscus P is pressed down. The thread of 
mercury moves up in the right limb of the U- 


66 


' mercury 


Mi 


Fig. 4.6 Six's maximum and minimum thermometer 


tube. Thus the mercury meniscus Q pushes the 
index A till there is no rise in temperature. The 
end of the indicator A which is nearer the mer- 
cury shows the maximum temperature. When 
the temperature falls, the alcohol in C contracts 
and the thread of mercury rises in the left limb. 
The meniscus P pushes the index B up. The end 
of indicator B which is nearer the mercury shows 
the minimum temperature. The indicators are re- 
set by using a magnet. 


THE CLINICAL THERMOMETER 


The thermometer with which we are all familiar 
is the one used by the doctor to read temperature. 
It is called the clinical thermometer (Fig. 4.6). 
Since the doctor only requires it for checking the 
temperature of the human body, the scale is 
graduated between 95°F and 110°F, which is as 
cold or hot as a human being can be. Each degree 
is divided into five equal parts because even 
small var;. tions in the temperature of a patient 
are of great importance. The bulb of the ther- 


index returned by magnet 


67 


90 
very 


index narrow part 


steel spring holds 
index in position 


alcohol 


80 


mercury meniscus 
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Fig. 4.6 The clinical thermometer 


mometer is small, so that itmay quickly reach the 
temperature of the patient’s body. The bore of 
the thermometer is exceptionally fine and has a 
kink in it. When the mercury is heated, the gre=t 
force of its expansion pushes it past the kink. As 
the thermometer is removed from the heat of the 
patient’s body and comes in contact with the 
cooler air, the mercury contracts. The portion of 
the mercury below the kink retreats into the bulb 
whilst the portion of the mercury above the kink 
Stays where it is, as it cannot squeeze its way 
back through the kink. The thermometer may 
now be kept until the arrival of the doctor. Once 
the reading has been taken, the thermometer is 
te-set by bringing the mercury in the bore back to 
the bulb with a jerk. 


A person in good health has a temperature of 
98.4°F and there is a mark on the thermometer 
at this point. A temperature of over 100°F indi- 
Cates fever and if the thermometer registers over 
105°F, it means that the patient is dangerously 
ill. 


: Activity 2 2: Find out which of 
__ your school and identify them 


ES Find out the room temperature using whichever is auaiteble 


| See whether a clinical thermometer is available i in your home —ifso 
o ee ae own Pipaature and compere tt with that of. your ed a 


the above Veneers are available in 


- “Adie 3: Write down the oe 
ee coe 


ratures shown in the — : 


4.4 Thermal mS of S253 Manis 3 and gases 


i. What does this experiment demonstrate? 

_ 2. How does it demonstrate this? 

8, What do you think might happen if the ring were heated separately 

and then the heated ball were placed on it? 

. 4. What would be the effect ifthe ring were chilledi inafreezerandyou 
_ tried to pass the ball through tt? 


Do the above experiment tn the laboratory. 


“Activity 5: Look at the @ diagrams (a) and a below and answer the 
‘questions. 


stiff paper rf 
narrow tube 


hot water 


flask = 
containing Ee 
liquid 


ak What does the experiment in figure (a) demonstrate? 
2. What conditions do ihe liquid levels A, S and T correspond to? 
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experiments? 


2. Explain the formation of air bubbles in fig (b) G). 


. Why does the water rise in the narrow tube in figure (ii)? 
| 4. What can you conclude regarding expansion of air from these 


oe Perform the experiment in the laboratory. i 
6 How can you demonstrate the same experiment if you are given an 
empty bottle, a balloon and some hot water? = ee 


The following table compares the expansion of solids, liquids and gases: 


Expansion is small. 
Pe solids. 


Does not need a 
container. 
account, 


Not affected by 
pressure. 


Expansion is different 
for different solids, 


4.5 Heat energy and gas laws 


Heat and work ; When a body falling from a 
height strikes the ground, heat is produced, and 
its temperature rises. If a piece of iron is struck 
Several times with a hammer, it gets heated. 
While pumping airintoa cycle tube, the barrel of 
the pump gets hot mainly due to the compression 
of air. All these facts show that heat is produced 
by mechanical work, 


The idea that heat is nota kind of motion, but 
is a result of motion, was first put forward by 
Count Rumford and Sir Humphrey Davy. 
Rumford affirmed that heat (rise in temperature) 
is caused by motion. James Joule performed a 
number of experiments on mechanical energy 
and heat, and not only showed that heat is a form 
of energy, but found the exact relationship be- 


Expansion is more than in 


Expansion of container 
should be taken into 


Not affected by pressure. 


Expansion is different for 
different liquids. 


Expansion is much greater 
than in liquids. 


Expansion of container 
is negligible, 


Is affected by pressure. 


'f pressure is constant, 
the expansion is the 
same for all gases. 


tween heat and mechanical energy. This rela- 
tionship is expressed in a law known as the First 
Law of Thermodynamics which states that when- 
ever mechanical energy or work is converted to 
heat, or heat into work, the heat generated is 
equal to the work done. 


Since heat is a form of energy, inthe SI system 
of units, it is measured in the units of energy 
itself, ie., joules. Hence, the work done in joules 
is equal to the heat produced in joules or, W =H. 


EXPANSION OF GASES 


The volume of gases (like that of solids and 
liquids) varies with change in temperature, al- 
though ata much greater rate. In Considering the 
change in volumes of Solids and liquids, the 
effect of pressure is not taken into account, since 
the effect of a change in pressure on volume is 
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negligible. But in the case of gases, even a small 
change in pressure produces an appreciable 
change in volume, although the temperature is 
kept constant. Therefore, to state the condition 
of a gas, it is necessary to mention its volume V, 
pressure P and temperature 7. Any change in 
one of these, affects the other two. Such changes 
are governed by the Gas Laws given below: 


1. Volume changes when pressure changes, 
temperature remaining constant (Boyle’s/aw). 


2. Volume changes when temperature changes, 
pressure remaining constant (Charles’ law). 


3. Pressure changes when temperature changes, 
volume remaining constant (Pressure law). 


Boyle's law: This states that the volume of a 
fixed mass of gas is inversely proportional to its 
pressure, temperature remaining constant. 
Charles’ law: It states that pressure remaining 
constant, the volume of a given ASS of gas 
increases by 1 of its volume at 0°C, for 
each degree Kelvin rise in temperature. 

Let V, represent the volume of a given mass 
of gas at (orc. Then, from the law we have 


WZ 
Volume at 1°C = V, + 373 X1 


V, 
Volume at 2°C = V, + aqq- X2 


V, 
Volume at 3°C = V, + 373 E 
. 0 
(i.e., for 1° rise, the volume increases by Ws 
+. for 2° rise, the volume increases by aia 


and so on.) 
If V represents the volume at t°C, then, 


¥. 
Vin Mott aaa KP = Vo C* a 


This is the mathematical statement of Charles’ 
law. An interesting result arises when the tem- 
perature decreases to -273°C. For, substituting 
t= —273°C in the above, we have 


Vira Vie (4 2s 
273 
or V =0 


This means that, theoretically, at -273°C the 
volume of the gas becomes zero. In practice, of 
course, a gas becomes a liquid much before such 
a low temperature is reached. This temperature 
at which the volume of a gas becomes zero is 
called the absolute zero, and the scale of tem- 
perature having this as its lowest temperature is 
called the absolute scale of temperature. Since 
this scale of temperature is almost the same as 
another scale of temperature proposed by Lord 
Kelvin, temperatures on the absolute scale are 
expressed in terms of Kelvin degrees and is 
usually termed as Kelvin, omitting the word de- 
grees. Thus, 5 Kelvin degrees is written as 5 
Kelvin or 5K. In this scale of temperature, each 
Kelvin corresponds to each degree celsius, the 
only difference being that in the celsius scale, the 
0°C corresponds to the ice-point, whereas in the 
absolute scale, the zero corresponds to a tem- 
perature of 273°C below the ice-point. Hence, a 
temperature of t°C corresponds to’ 

T = (273 +t) degrees absolute 


or T = (273+nK 
The diagram below will help you understand 


HOE Celsius scale 


ice- point steam point 
lon Wee yar ee aa al 
— 273°C oc 100°C 


Kelvin or absolute scale 


| 


Fig. 4.7 Celsius and Kelvin scales 
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You will notice that both the scales shown 
here contain 373 degrees. Thus, though the tem- 
peratures on both the scales are different, the 
value of one degree in each is the same. 


or, lIdegreeC = ldegree K. 


Another statement of Charles’ law is, pres> 


sure remaining constant, the volume of a given 
mass of gas varies directly with its absolute tem- 
perature. 


or Vo T 


or > = constant, if P is constant. 


Pressure law; The two slatements of pressure 
law are 


a. Volume remaining constant, the pressure ofa 
given mass of gas increases by of its 
pressure at 0°C per Kelvin rise in tempera- 
ture. 


b. Volume remaining constant, the pressure ofa 


Siven mass of gas varies directly as its abso- 
lute temperature. 


or PB, bcc, T, 


P 
r = = constant 
PGE 
Therefore, from the three Gas Laws we have, 


= constant (Boyle’s law) (T constant) 


constant (Charles’ law) (P constant) 


yo 3S a 


constant (Pressure Jaw) (V constant) 


These three can be combined into one Statement. 
PV 
T = constant 


and is sometimes written as 


BVios = PVs 

oh hoa lias oes 
where, P, and V, represent the pressure and 
volume of a gas at a temperature T, and P, and 
V, represent the pressure and volume of the same 
gas at a temperature T, 


Activity: Work out the following problems and check your working with : 


the solutions, 
Example 1 


A certain mass of gas occupies a volume of 22.4 
litres at O°C and 76 cm pressure. What is its 
volume at 57°C and 70 cm Pressure? 


P,V, PVs 
Teg 
Here P, = 76cm P,= 70cm 
V, = 22.4 litres Wy a 
T,= 273K T, = 273 +57 
= 330K 


Note: The pressure P should be converted to 
pascals, but since the conversion factor on both 
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Sides of the equation cancels out, in all problems 


E Atay 
involving 7 ~ Constant, the pressure may be 


written in cm of mercury. 


76 X 22.4 


—____ 


273 


70x V, 
330 


330 X 76 x 22.4 
273 x 70 


2675 
91 


= 29.4 litres. 


seam’ ye an Ox 273 


2 
The volume ofa given mass of gas under constant oot 
pressure is 10 litres at 27°C. Find the volume of = 9.1 litres. 
, the same mass of gas at 0°C. 4.6 Heat transfer 
Under constant pressure You have already learnt about heat transfer in 
v Vv class 7. The three modes of heat transfer are 
2 
= = T 1. Convection : The process by which heat is 
i} 1 2 transmitted in liquids and gases from place to 
bh , place by the movement of particles is called 
V, = 10 litres Vea convection. 
: tion : heat is transmitted alon: 
a = 300K T. = 273K 2. Conduction When ; 2g 
Te oie 4 a body from particle to particle, without the 
Vv movement of the particles from their posi- 
V, ‘A 2 tions, the process is called conduction. 
T, T, 3.Radiation : When heat is transferred from one 
place to another, without the presence of any 
10 Ve intervening medium, the process is known as 
> 3000. «= 273 radiation. 


Activity 7: Make a list of atleast three examples each of the three modes 
ra of transfer of heat from daily life or nature. i 


Activity 8: 2. Fill a beaker with cold water. 

2, Drop erystals of; “potassium permanganate down a glass tube on one 
- side of the beaker. mae 

2 bins your finger tightly over the top of the glass tube and lift the 

tube slowly taking care not to disturb the water around the crystals 


at the bottom. 
4. Now heat the beaker gently. What happens? Why? 


water 


potassium currents 


’ permanganate 


crystals 
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Se ir, Explain why ventila 
Lop of. ihe fee a are Pi: in rooms on 
ve sia: ement, : : 


e diagram below Hbibe a heusekola oe Water system. : 
arrying hot water and cold water and show by arrows 
he direction of flow a she water i in n the es : 


_ Explain how hot water flows through to the bathroom and sink. 


Geng and iron or brass, — 


: Activity tu: i Take two metal rods, say, 
and ae i ih 


emarbles the same way at dees of abouts em fom : : 
‘ow hold the enda 


ee 


oft the rods above the eflame of a spirit lamp and - 
ns 2 ee 
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marbles 


Now answer the following quesiions. 


(i Of the three marbles fixed to any rod, which falls off first ? Why? 
(ii) Of the three rods, from which rod does the marble fall off first? 
Why? ; 
- @iii) Which of the three rods is the best conductor of heat Which is : 
the worst ? 
(iv) What are bad conductors of heat called ? 
(v) Are the metals equally good conductors ? 


: Activity 42: Perform the above experiments and answer the following : : 


1. What does fig. (a) demonstrate ? 

| 9 Does the ice melt ? Why? : : 

_ 3. What do we conclude from this experiment? 
4, What does fig. (&) demonstrate? ues 
_ 5. Does the heat reach the finger ? Why? 

6. What does this experiment demonstrate? — 
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Activity 13: Find out: — 


_ 1. How do we receive heat energy from the sun? 
_ 2. How fast does radiant heat travel? 

_ 3. What kind of surface is a good radiator? © 

_ 4 What kind of surface is a poor radiator? 

_ 6. Why don’t we feel the cold when we w 
_ 6. Do woollen clothes provide heat? 


ear warm clothes? 


_ Basie concepts 
1. ln Centigrade or Celsius the 


rmometer, the range between the ice-point and steam point is divided into 
100 divisions. : nee 
2. Ina Fahrenheit thermometer, the Fange between ice-point (32°F) and steam point (212°F) is divided into 
180 equal divisions. : ; 


3. The relation re) Fahrenheit and Centigrade temperatures is 
i ee 


9 5 

4, Solids, liquids and gases expand on heating and contract on cooling. 

5. Expansion of gases > €xpansion of liquids > expansion of solids. 

6. The first law of thermodynamics states that wh 
vice-versa, the heat generated is equal to th 


7, Boyle's law states that temperature remaining constant, the valume of a given ies i 
Aa soles ing 5 given mass of gas varies inversely 


enever mech; 


anical energy or work is converted into heat and 
le Work done. : 


8. Charles’ law states that pressure remaining increases by _ 
i g constant, the volume of a given mass of gas in 1 
Of ffs volume for each degree Kelvin tise of temperature. oo #13 


9. From the gas law, 4 = constant, 


: ya an ng @ body from particle to particle without thé movement of the 


_ 12. During radiation, heat eneray ist 
| medium. Se ee 
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Some investigatory projects/activities 


I. Draw diagrams to show ways in which we use heat conductors and insulators in everyday life 


1. In the above experiment, what can you expect? 
2. How does the heat energy reach the thermometer? 
3. Give reasons why we can say that the heat does not reach the thermometer by conduction or 


convection. 


REVISION TIME 


|. Choose the correct answer: 


1. The lower fixed point on the Fahrenheit scale is 
a. 0°, b. 32°. c. 180%. d.—32°. 
2. Chertes’ law is given by the relationship 
Voi 
a. = constant when T is constant. b. —5- = constantif V is constant. 


PV 
. —— =constant. 
d T constant. 


Pv 
Vv 
oe t if V is constant. 

T 


Cc. = constan' 


3. At constant temperature, if the presstre ITE ease inte ap 
ais haned! b. is doubled. ¢ remains the same. 

; erature at which 
4. Absolute zero Is i cone c. the volume of the gas becomes zero. 


a. a gas liquifies. b. ice aeons 
i i which heat energy is trans err 
5. Radiation is the pronase when the particles of medium move from place to place. ¢. when the 


a. without any medium. 
particles ue not move from their place. 
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I. Fill in the blanks: 


rature is a measure of or of a body. 
iS HS thermometer scales most used are the ‘ and the = a 
3. On a Centigrade thermometer, the freezing point of water is legree 
point is degrees. 
i erred from the sun to. the earth by 
z acs crated in a hot water tank is found in the _ ___ Part of the tank. 
6. As the pressure increases, the boiling point of a liquid ‘ 
7. The heat from the sun reaches us by the process of 
8. A bad conductor of heat is called an 


9. The maximum fixed temperatures on the thermometer scale is called the 
10. The minimum fixed temperature on the scale of the thermometer is callea the 


i inti i led a ¥ 
1. The upper fixed point is found using a vessel cal f ; 
ay In see the expansion of solids and liquids, the effect of is not taken into account. 
13. The theoretical temperature at which the volume of a gas becomes zero is called the 
14.A household hot water system is based on 
15. A glass greenhouse depends on 
16. Wood, cork, asbestos are good 


of heat. 
of heat. 
of heat. 


Ill. State whether true or false : 


The Fahrenheit scale is from 0 to 212 degrees. 


A clinical thermometer is usually graduated in the Centigrade scale. 
The ice-point on the Centigrade scale is zero degrees. 

The range of the alcohol thermometer is 0 - 100°C. 
The melting Point of ice is 
All metals expand by the 


NoOapon-> 


8. Heat energy is measured in joules. 
9. Charles’ law gi 


ves the relation between Pressure and volume at constant temperature. 
10. One degree on the Kelvin scale is equal to one degree on the Centigrade scale. 


IV. Answer the following questions: 


©S used? Obtain a relation connecting a temperature 
on the Centigrade scale and Fahrenheit scale. 
5. Why is mercury preferre: 


dasa thermometric substance? 
6. Describe the clinical thermometer. 


7. Describe experiments to demonstrate Conduction, convection and radiation. 
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V. Answer the following in detail: 


1. Describe the construction and working of Six's maximum and minimum thermometer. 
2. State and explain Charles’ law and define absolute zero. 

3. Obtain the relation connecting P, V and T by combining the three gas laws. 

4. Describe experiments to show that liquids and gases are poor conductors of heat. 


VI. Problems: 


1. Convert 20°C to a Fahrenheit reading. (Ans. 68°F) 
2. Convert 14°F to a Centigrade reading. (Ans. —10°C) 
3. At what temperature are the Centigrade and Fahrenheit readings the same? (Ans. 40°C) 
4. At what temperature is the Fahrenheit reading double the Centigrade reading? (Ans. 320°F) 
5. (i) Express 57°C, —23°C as Kelvin temperatures. (Ans. 330 K, 250 kK) 
(ii) Convert 298 K, 273 K to centigrade temperatures. (Ans. 25, 0°C) 
6. (i) Express 98°F, 0°F as Kelvin temperatures. (Ans. 309.7 K, 255.2 K) 
(ii) Convert 373°K, 0°K to Fahrenheit temperatures. (Ans. 212°F, -459.4°F) 
7. A gas has a volume of 100 cm? at 27°C. What is its volume at 0°C, the pressure remaining 


constant? (Ans. 91 cm?) 
8. Find the temperature at which 95 cm? of gas measured at 12°C becomes 120 cm*at constant 


pressure. (Ans. 87°C) ( 
9. A certain quantity of gas at 75 cm pressure and 27°C is heated to 99°C, the volume remaining 


constant. What is the new pressure? (Ans. 93 cm of Hg.) 
10. To what temperature must a given mass of air at 20°C be heated, in order that its pressure may 


be doubled, the volume remaining constant? (Ans. 313°C) 
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5. Light — (1) 


5.1 Reflection 
1. PLANE MIRROR 


We have already learned that most objects are 
made visible when light falling on them is re- 
flected back to our eyes. The rays of light that fall 
upon a body are called incident tays, while those 


that are sent back by the body are called reflected 
rays. 


A mirror is a smooth, highly polished surface, 
designed to reflect a maximum amount of light. 
Mirrors usually consist of Pieces of glass sil- 
vered on one surface, Some are flat and are 
called plane mirrors, while others may be curved 


mirrors. Any smooth polished metal or surface 
may Serve as a mirror, 


Experiments show that all Cases of retiection 
are governed by two laws : 


1. The incident ray, the normal and the reflected 
ray all lie in the same plane. 


2. The angle of incidence is equal to the angle of 
reflection or 


Zi SZ 


Aleflection- plane mirror, spherical mirrors - mirror formula - retraction (glass 
slab, prism for deviation. and dispersion) - colours of spectrum - lenses {image 
formation, magnification and power) 


incident ray 


normal reflected ray 


ii 


angle of incidence 


angle of reflection 


Fig. 5.1 Laws of reflection 


IMAGE FORMED IN A PLANE MIRROR 


Take a mirror and look int 
First, of course, you see 
cali see many of the obj 
it may seem to you thi 
foom exactly like yo 
fully you will notice 
quite the same. For one thing, 
that the clock in the‘ 
backwards and the 


Oit. What do you see? 
your face, and then you 
ects in the room. At first 


you may notice 
imageroom’ seems tomove 
numbers also are Teversed 
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sideways. A calendar on the wall in the ‘image 
room’ is also difficult to read. The second thing 
you will notice is that your face and other objects 
seem to be the same size in the ‘image room’. 
Another thing about the image in the plane 
mirror is that when your face is far from the 
Imirror the image also appears to be far. As you 
move closer to the mirror, your image alsomoves 
closer. In fact your image is as far behind the 
mirror as you are in front of it. Apart from all 
this, the images in a plane mirror are not really 
there. There is actually nothing behind the 
mirror. Such images are called virtual images. 


From the above discussion we conclude: 
1. The image formed by a plane mirror is as far 
behind the mirror as the object is in front of 


it. : 
2. The size of the image is the sameas the size 


of the object. 


ABC) DA 


MMOL 


Fig. 5.2 Lateral inversion 


3. The image is laterally inverted, ice., in- 
verted sideways (Fig. 5.2 ). 
4. The image is virtual. 
The first characteristic of the image ina piane 
mirror whichis listed above can be demonstrated 
by the following experiment. 


Activity i To show that the image isas far behind moe mirror as the object : 


isi in front of it. os 


Place a Pp 
pin O afew em fro 
‘with the image of € 
two pins at Cand D so 

the mirror and join the pot 
and produce it backwards 
lines AB and C: 

: fate position lies along 
is the image o 


NL It will be found that ON = 


° 
object pin 5 
Finding the position of an image 
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lane mirror on aline PQ drawn ona paper. Stick an 1 object 
mm the mirror. Placeiwo pins so thai they are inline 
(on Similarly, view the image along CD and place 
thai they are in line with the image. Remove 
ints AB and produce it backwards. Join CD 
too. Mark the point I of the intersection of 
D. Since the image lies along AB as well as along CD, 
the intersection I of AB and CD. Hence, I 

of O. Join OF to meet A mirror aiN. Measure ON God 


How the eye sees the image of a point object : For 
the eyes to be able to see the image of a point 
object, rays of light from the object should, after 
reflection from the mirrcr, reach the eye. Let O 
be a point object in front of a plane mirror MM,. 
Draw two rays of light from the object, incident 
on the mirror at A and P. These two rays are 
reflected from the mirror according to the laws of 
reflection, i.e., Zi = Zr along AB and PQ. Pro- 
duce AB and PQ backwards to meet at J. For an 
eye placed between B and Q, the image is seen 
at I. 


How the eye sees the image of an extended 
object: Every point on an extended object acts 
as a point source and forms the image of that 
point exactly as in the preceding section. For 
clarity, only two points situated at the extreme 
ends of the object have been chosen such as P 
and Q. The image of these points are formed at 
P! and Q'. Thus P/Q! is the image of PQ 
(Fig 5.4). 


Fig. 5.4 Image of an extended object 
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mation of the i image. Mention © 
: how: the characteristics oo an im 


Aciniss Recall wh jiyot havelearnt 
earlier and answer the questions : 


2. Mark the centre of curvature of 
the mirrors and define Be 


ng at th diegran jo 
neipal focus andfocal 


lengt curved mirror.Indi- : 

cate which points correspond to — Le 

the 2 principal focusandt which a : S 

: tance to the ee Length. ee 
Which of the foc is real? Which i is” 


- virtual? 
Which line is the principal axis? 


convex mirror 


D 
concave mirror 
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Look into a convex and a concave mirror. 
The image seen in the convex mirror always 
appears upright (erect) and diminished (smaller) 
in size. When the concave mirror is held close to 
your face, you see a magnified (enlarged) erect 
image of yourself. If you are far from the con- 
cave mirror, your image appears upside down 
(inverted) and magnified, while objects which 
are still farther appear inverted and diminished. 


The following points regarding spherical mir- 
rors should be remembered: 


1. Any line drawn from the mirror surface to 
the centre of curvature is a normal to the 
surface. 

2. Rays are shown by dotted lines behind a 
mirror, they do not actually reach behind 
the mirror but appear to do so. 

. A virtual image is one from which light 
appears to come but does not actually do 
so. A virtual image cannot be formed by 
the direct intersection of rays. They have 
to be produced backwards to give the posi- 
tion of the image. A virtual image cnnot be 
formed on a screen, and is always upright 
and erect. 

. A real image is one through which the 
reflected rays of light actually pass. They 
can be formed on a screen, and are inverted, 


Ww 


> 


Activity 4: Looking at the diagram below, explain w, 
are used as rear view mirrors in cars and buses. 


Narrow field 


of view mirror 


Location of images in curved mirrors : The 
following properties of rays are made use of 
while locating images: 
1. A ray parallel to the principal axis, after 
Teflection, passes through the focus. 
2. A ray through the focus is reflected parallel 
to the principal axis. 
3. A ray through the centre of curvature is 
normal to the mirror, and so it is reflected 
back along its path. 


Usually, two of the above are sufficient to 
locate the position of the image. The laws of 


teflection of light hold good for curved mirrors 
also. 


When rays of light come from a distant object, 
the light is taken as a parallel beam and the object 
is said to be at infinity (oc) , 


If you look into a concave mirror and bring a 
lighted candle close to it slowly, you will notice 
that the image gets larger as the candle ap- 
proaches the mirror. You will also notice that 
when the candle is taken very close to the mirror, 
an erect, magnified image is formed, 


On the other hand, if you Tepeat this procedure 
with a convex mirror, you will find the image is 


always erect and smaller than the size of the 
object. 


Ay convex mirrors 


Plane wide field 
of view 


: > 
mirror —-— > 


\ 


Activity 5: : Using at least two of the properties, of rays draw the 
following ray diagrams in your notebook. Draw them as large as 


possible. 
at infinity 
parallel rays between F and 2F 
fromeo 
real, 
real, & inverted, 
inverted, 2F magnified 
diminished at F M 
beyond 2F 
| at infinity 

real, 
inverted, 
diminished, 


between F and C 


2F 
B 
real, (e) Nace a 
inverted, cil magnified 
same size; Ss M behind , 
at C (2F) mirror 


Images formed by a concave mirror 


image is virtual, erect, 
diminished, behind mirror 


Image formed by a convex mirror 


In all our calculations we follow the ‘real is 
positive’ convention. Values for distances of 
objects and real images are always positive and 
those for virtual images are negative. Also, the 
focal length of a concave mirror, which has areal 
focus is positive and the focal length of the 


5.2 Mirror formulae 
in| 
In the previous sections, we have been studying 


i . It is 
the images produced by curved apne : i 
Possible by means of two simple fort Se ae 
determine the location and characteristic 


image for various positions of the object. 
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convex mirror which has a virtual focus is nega- 
tive. 


I. The relation between the radius of curvature 
(r) and focal length (f) is 


of 
I. If u represents the distance of an object from 


the pole ofa mirror andy represents the distance 


of the image from the pole, then the focal length 
(f is given by 


i eS 


This is known as the distance formula. 


Sometimes it is helpful to consider a third for- 
mula: 


height of image (i) — distance of image 

* height of object (0) distance of object 
diy Sellen 4 
Oma 


Fig. 5.5 (b) Magnification : Concave mirror 
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DETERMINATION OF THE FOCAL LENGTH OF 
A CONCAVE MIRROR 


I. Distant object method (approximate method): 
This method is based on the fact that when the 
object is at infinity, the image is formed at the 
focal point. The concave mirror is fixed on a 
vertical stand and directed towards a distant 
object, say, a tree or an open window. A white 
screen is placed in front of the object and ad- 
justed to get a clear, well-defined image of the 
object. The distance between the mirror and the 
screen is the focal length of the concave mirror. 


Tays from infinity’ 


screen (image) 


— 


image at focus 


Fig. 5.6(a) Distant object method 


Screen (image) 


~. illuminated wire 
gauze (object) 


Fig 5.6(b) Normal reflection method 


‘2. Normal reflection method: An illuminated 


wire gauze is used as the object. When the object 
is at the centre of curvature the image is also 
formed at the centre of curvature, so the screen is 
placed next to the object (Fig. 5.6 b). The 
distance between the object or image and the 
pole gives the radius of curvature r. Half this 
distance gives the focal length. 


f= > metres 


3. Object and image method (u-v method) : An 
illuminated wire gauze, the concave mirror and 
screen are arranged as shown in Fig. 5.6.c Care 
is taken to see that the pole of the mirror is in the 
same line as the centre of the object. The object 
is placed at a distance greater then 2. The image 
will be formed between C and F and will be real 
and diminished. The screen is adjusted to get a 
clear, well-defined image of the object. The 
distances of the object (u) and screen (v) from the 
pole of the mirror are measured with a metre 
scale. The experiment is repeated for two other 
values of u greater than 2f. 


The object (illuminated wire gauze) is now 
placed between /’ and C and the position of the 


screen is adjusted beyond C to get a clear, well- g 


defined image of the object. The image is real, 

inverted and magnified. The distances u and v 

are measured as before and the experiment re- 

peated for two other values of u between F and 

C. Focal length f is calculated using the formula 
1 11 uv 


in each case, and the mean value is found. 


The readings are recorded as shown below: 


Fig. 5.6 c The U-V method : Object distance greater 
than 2f 
Vv 


Fig. 5.6 (d) Object between f and c 


With the readings, ifa graphis plotted between 
uand v, a curve is obtained. A point P is chosen 
on the curve for which u = vy. This is done by 
drawing the bisector of the right angle between 
the axes of X and Y. The point where this touches 
the curve is the point for which u = y. At this 
point u = v = 2fbecause only at 2fisu = y. 


Fig. 5.7 Graph : u-v method 
Compare the various positions of the object 
and image in the experiments with the Tay dia- 
grams on page 85. Which of the positions in the 
diagrams correspond to the positions in the ex- 
periment? 


USES OF CONVEX AND CONCAVE MIRRORS 


1. The ability of a concave mirror to concentrate 
light is used in various instruments such as 
teflecting telescopes, ophthalmoscopes, etc. 
Throat specialists use concave mirrors for fo- 
Cussing light into the throat. 


2. Concave mirrors are also used as reflectors in 
headlamps. A bulb Sends rays of light in all 
directions and so the li ghtin any one direction 
is very feeble. If the bulb is placed at the focus 
of a concave Teflecting surface, it sends a 
dazzling beam of light about 100 metres down 
the road (Fig. 5.8). 


The figure gives an idea of how the headlights of 


4 car work. Only a few fays of light have been 
shown, 


Activity 6: The following p 


ts oo 
concave reflecting surface? 


sh 


5. 


+ a 
front glass 


—t-bulb) at focus of the 
concave mirror 


3S es ee 


> 


ee ere Ts ee 
Fig. 5.8 A headlamp 


The searchlight works on the same principle as 
the headlamp. It is used in war for spotting 
aircraft, and in peacetime for guiding them: In 
the place of the small bulb, a powerful electric 
arc lamp is kept at the focus of the concave 
reflecting surface. An intense beam of light is 
Sent out which can be directed toward a par- 
ticular spot and can be viewed by airmen or 
even by ships at sea. 


. A shaving mirror is a concave mirror and it 


forms an erect, magnified and virtual image of 
an object placed between the focus and the 
pole. Ifa man brings his face Close enough to 
4 concave mirror, he sees a magnified virtual 
image of his face in the mirror. 


erefore get a view of 
everything behind him, by simply looking 


into this mirror. 


problems are worked out for you. Try to work 


them out yourself and then check with the solutions. 
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Example 1 soll ge, hire he 5 


30. ©690 
Aconcave mirror hasa focal length of 30 cm. An 
object 5 cm high is placed at a distance of 50. cm Lig top see ligy 
from the mirror. Find the position and height of v 30 90 
the image. 1 _-3-1 _4 
Here f = 30cm O=S5cm v 90 90 
u = 50cm =a y = 9-205 cm 
iy ea? ss 
1 11 The negative sign shows that the image is 
ee ees virtual. 
Toplataey 
1 1 1 5.3 Refraction 
— = + — ; 
30° 50 + When a stick stands obliquely in water, it ap- 
1 1 1 pears to be broken at the surface of the water in 
or = tas | 50 such a way that the part under water is bent 
upward. The bottom of aswimming pool always 
sell deg lase weh aga/ appears to be nearer the surface than it really is. 
v 150 150 This is due to the change in the speed of light 
15 which makes a ray of light bend as it passes from 
ove So = 75cm one medium to another. The bending of the path 
re of a ray when light travels from one medium to 
Now re ERP another is known as refraction of light. 
oO u angle of 
I 75 % incidence 
mereciy 
= Bx 5 
50 
= 7.5cm 


:. The image is formed 75 cm from the mirror 
and is 7.5 cm high. 


Example 2 


> 
Aconvex mirror has afocal length of 30.cm. The M3) \ 
object is placed at a distance of 90 cm from it. BALA \ 
Find the position of the image. YY \ \ 


Here f = -—30cm 
Fig. 5.9 (a) Refraction of light - rarer to denser medium 


u = 90cm 
1 ee Thus if a ray PO traveis from a rarer medium 
1 t 1 (air) to a denser medium (glass), PO is the 
=—+— incident ray, incident at O on the surface of 
i u v 
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Separation AB between air and glass. OQ is the 
refracted ray. The angle which the incident Tay 
makes with the normal is the angle of incidence 
iand the angle which the refracted ray OQ makes 
with the normal ON is the angle of refraction r. 
If the ray of light travels from a rarer to a denser 
medium, it bends towards the normal, and if it 
travels from glass to air, i.e., from a denser toa 
Tarer medium, it bends away from the normal 
(Fig. 5.9 a and b). 


r 


N \ 


Fig. 5.9 (b) Refraction of light - denser to rarer medium 
LAWS OF REFRACTION OF LIGHT 


Refraction of light takes place according to the 
following two laws: 


1. The incident Tay, the refracted ray, and the 


normal at the point of incidence will lie in the 
same plane. 


2. The sine of the angle of incidence bears a 
constant ratio to the sine of the angle of 
refraction and this constant depends upon the 
two media and upon the nature of the light. 

sini 
sin r 


or = constant 

This constant 4 (pronounced as “‘mew’) iscalled 
the refractive index of the second medium with 
respect to the first. If the first medium is air or 


the rati sini . 
vacuum, the ratio wns called the tefractive 


index of the second medium. The second law of 
refraction is also called Snell's law, 


For example, if light passes from air to water this 
ratio is found to be 1.334 for yellow light. In 
other words, the refractive index of water is 
1.334 for yellow light. 


Note: The refractive index of the first medium 
(air) to the second glass) is 


1 sini 
Ep - snr 


Verification of the laws of refraction : 


f The laws 
of refraction may be verified in the lal 


boratory. 


_ Activity 7: Take a sheet of white paper and fix it on a drawing board. 
e arectangular glass slab on the paper and draw its outline. Draw 
@normal MON and draw three lines to represent incident rays makin, 

angles of incidence of (say) 25°, 45°, 65°. Replace the slab and Stick ting — 

PMSA and B onthe 25° line. Look through the opposite face of the block 
and pla Your eye in such a position that A and B seen through tho 

fee pibear to be in a straight line with the eye. Place two ping B aid 
_E sothatA, Bk and F appear to be ina straight line. Remove the 1, 

_ slab, join FR era ao he glass 
‘4 Gnd produce it to touch the slab at D. Join CD. ABisthe — 


incident Tray, 


CD is the refracted ray and EF is the emergent ray. 


Measure the angle of ref, i Cle ponding iot 

incidence 7 nie rection ( ZNCD = r) corresponding to the a; 

of incidence ( CACM = 1) which is 25°. Repeat the experiment forthe 
and 65° angles of incidence and tabulate the readings, = 
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It will be found that the values in the last 
column are constant. This verifies the second 
law. Also, the ratio gives the value of the 
refractive index of glass with respect to air. So, 
apart from verifying the laws, this method is also 


from ie logurithinie tables, and 


used to determine the refractive index of glass 
with respect to air. 


The law can also be verified without measur- 
ing the angles of incidence and refraction. This 
method was used by Snell. 
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- : Activity 8: With Cas centre and any convenient radius draw a circle 
cutting AB at Pand EF at S. From Pand S draw berpendiculars PQ 
and RS, respectively, on the normal as shown in the figure. 


_ Referring to the figure 


sini = a and sinr = 38 
: sint PQ RS 
ce deren sinr” PC = 8C 
= £2 , SC 
PG RS 


_ but PC = SC (being radii of the same circle). 


Hence, 8ht PQ 
’ “sinr ~~ RS 


Measure the lengths PQ and RS with a divider and find their ratio. 
Repeat the above procedure for other angles of incidence. 


Snell's method 
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It will be found that the value of 
be a constant and equal to the refractive index of 
glass, Thus Snell’s law is verified and the refrac- 
tive index of glass determined. 


will 


The traces of the incidentray and refracted ray 
lie on the plane of the paper and the normalis also 
drawn on the plane of the paper. Hence they are 
coplanar, which verifies the first law. 


REFRACTION THROUGH A PRISM 


A prism is a transparent medium bound by two 
intersecting rectangular plane faces. In practice, 
these two faces are cut by a third intersecting 
rectangular plane. 


The lines along which any two of the rectan- 
gular faces meet are called the edges of the 
prism. The three edges of the prism are parallel 
to one another. The triangular section of the 
prism perpendicular to the edges is called its 
principal section. When we consider refraction 
through a prism, we assume that the ray lies in the 
principal plane. 


principal 
section 


edge: 


| ee 


§.10 Prism 
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i= angle of incidence 
e€= angle of emergence 
d= deviation 


Fig. 5.11 Refraction through a prism 


The face of the prism on which a ray of light 
is incident is called the incident face and the face 
from which the ray emerges is called the emer- 
gent face. The third face is called the base of the 
prism. The angle between the incident and the 
emergent faces is called the refracting angie, or 
simply the angle of the prism. 


In the figure, ABC is the principal section of a 
prism. AB and AC are the refracting edges. PQ 
is the incident ray and RS is the emergent ray. 
The angle A is the angle of the prism. 


If a normal QN is drawn at the point of 
incidence, then ZNQP is called the angle of in- 
cidence. Another normal RM is drawn at the 
point of emergence. ZMRS is the angle of emer- 
gence. If the incident ray and the emergent ray 
are produced they meet atO. ZTOR between the 
incident and emergent rays is called the angle of 
deviation d. 


For a prism of given refracting angle, the 
deviation suffered by a ray depends upon the 
angle of incidence. If the angle of incidence is 
gradually decreased from a large value, the angle 
of deviation also decreases, until for a particular 
angie of incidence, the deviation reaches a very 
small value, after which it increases for a further 
decrease in the angle of incidence. The smallest 
value of the angle of deviation d is called the 
angle of minimum deviation. In this position, the 
angle of incidence i is equal to the angle of 
emergence e. The graph showing the variation of 
the angle of deviation with the angle of incidence 
is referred to as the i-d curve. 


angle of deviation 


1 

1 

1; Dm 

! angle of minimum deviation 


—_————_ |; 
angle ofincidence ' 
’ 


Fig. 5.12 i-d graph 


Activity 9: Complete the 
ston of light, 
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following diagrams to show the disper 


NEWTON'S EXPERIMENT 


In 1666, Sir Isaac Newton showed that sunlight 
consists of seven colours. A beam of sunlight 
was passed through a round hole in one wall of 
a dark room and formed a white image on the 
Opposite wall. He placed a triangular prism in the 
path of the beam. A spectrum of seven colours 
formed on the wall (Fig. 5.13). It was not in the 
Same position as the original white image. The 
red colour was deviated least from the position of 
the white image and the violet colour was devi- 
ated most. 


R 


ry ' 
sunlight screen 


entering 
through hole 
in shutter 


Fig. 5.13 


Newton concluded that white light is a mix- 
ture of seven coloured lights. Dispersion is the 
splitting up of white light into different colours 
by refraction. . Red light is Tefracted least and 
violet light most because the Speed of red light in 
glass is faster than that of violet light. 


. line. 


Place the pris 
paper with its refracting faces 
. Draw the outline ABC of the 
"prism onthe paper, : 


4, Remove the prism and with a 
_ protractor draw a normal NQ to 


_ . Using a protractor, draw a line 
PQ making an angle of 30° with 

the normal. _ : 

6, Place two pins X and Y on the 

line PQ, which represents the — 

"incident ray and view X and Y 

through the faceBC. 

_ 7. Now place two other pins U 

_ and V in front of BC so that the 

| image of X and ¥ and the pins U 
and V appear to be in a straight 


8. Remove the prism and the pins. 
Put pencil dotson the marks made 

- by the pins. Join U and V and 

produce it to meet the line BC at 

_R. RS is the emergent ray. 

9, Join Q and R to obtain the 

~ trace of the path of light through 


| the prism QR. 

_ 10. Produce PQ and RS back- 
_ wards to meet at T and get the 
angle of deviation D = ZWTS. 
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2B. Repeat the e 
dence, say, 35° a: 
ie Observations : 


30° 


36° 

40° 

4. Which way does light be 
leaving the prism 2 


18. Measure the angie WTS. 


periment for two other values of angle of inci- 
nd 40°. Tabulate your readings as follows —- 


Angle of incidence 
i 


Angle of deviation 
D 


nd (a) on entering the Prism ? (6) On 


2. Describe the path of a ray of light through the prism . 
3. How would you measure the angle of emergence in each case? 


We have seen that a Prism has the ability to 
disperse white light into its Constituent colours. 
This is because different colours have different 
Speeds in glass. Light of different colours has 
different wavelengths. Red light has the longest 
wavelength and passes through glass the fastest, 
while violet light has the shortest wavelength 
and passes through glass the slowest. 


Activity 11: Collect a few Pieces of 
&reen, etc. You may also use colo 

Hold the coloured glass or 
around 
objects 


paper 


appear through the coloure: 


Objects that are transparent to only one colour 
of light are called filters. 


The piece of red glass is a filter for red light, 
if all objects appear red when viewed through it. 
This means that the red piece of glass absorbs all 
-olours except red and so only the red light 
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Colour plays an im 
and the study of colour: 
lights is vast. 


portant role in our lives, 
ed pigments and coloured 


We will consider here, a fe 


W facts relating to 
coloured lights. 


Transparent objects are able to absorb or 
subtract certain colours from white light. - 


coloured glass such as red, blue, 
ured cellophane paper instead. 


before your eyes and view objects 


you. How do the objects appear? Why? How do coloured 
d glass of a particular colour? 


Teflected from the obj 


ects reaches our eyes, 
However, all filters m: 


‘ay Not be transparent to 
Only one colour. In fact the red filter allows a 
little orange to Pass through it also, but the 
general appearance is red. A yellow filter allows 
green, yellow and Orange light to pass through it 


while a blue filter allows violet, blue and green _yellow filter will result in an orange filter. Th 
light to pass through it. Hence, the combination method of allowing light of certain colour « 
ofa yellow and a blue filter will resultina green COlours to pass through is called subsractic 


filter. Similarly, the combination of ared and ‘heory. The above paragraph will be mad 
clearer from the following diagrams. 


(a) 


RED YELLOW BLUE 


s“omxaocd< 
"omxmaoc< 
"-oxmaqge< 


RED YELLOW 


(b) 


somxacc 


(c) YELLOW BLUE 


soxaqocd< 


(d) RED YELLOW BLUE 
v 
b 
9 
y 
° 
r 
Fig. 5.14 Filters 
Subtractive theory of colours : 
(a) Red, yellow and blue filters (c) Combination of yellow and blue filters 
(b) Combination of red and yellow filters (d) Combination of all three 
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questions. — 


yellow (ii) blue 2 


Le vity 122 cua the diagrams on filters and answer the following 


1. What colours do each of the following filters transmit (i) red (ti) 


: _ 2. What colours do they absorb? : e : 
8. What colour light do we obtain by combining red and yellow 


_filiers? 


4 What colour light is transmitted through a combination of 


yellow and blue filters? 
8. If ail the three (red, yellow and 
is the resulting effect? 


blue) filters are combined, what 


6. Using pieces of coloured glass or cellophane paper, combine 
them and verify the above results. ‘ 


COLOURED LIGHTS — ADDITIVE THEORY 


Having produced different coloured li ghts by the 
use of filters, two or more of these may be added 
together to produce other colours. The three 
colours red, green and blue which combine to 


produce white light are called primary colours 
for lights. 


Fig. 5.15 


| Activity 13: Take a box fitted with an electric bulb and 
_ cellophane paper of different colours. Combine the 
colours and allow the light from the lig 


and then on to a white screen. 
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None of these-primary colours can be pro- 
duced by a combination of other colours of 
lights. However, any other colour can be pro- 


duced by a proper combination of these three. 
For example: 


ted light + blue light = violet /purple/ 
magenta light 

red light + green light = yellow light 

green light + blue light = peacock blue/cyan 
The.colour resulting from the simple combi- 

nation of primary colours is called a 


secondary 
or complementary colour. 


The secondary colour yellow is complemen- 
tary to blue (the third colour). Similarly, ma- 
genta obtained from red and blue is complemen- 
tary to green. If complementary coloured lights 
are superimposed, white light is obtained. 


This is applicable only to coloured lights and 
not to pigments (paints). Inthe case of pigments, 
the primary colours are red, blue and yellow. 


cover the face with 
the papers of different 
ht box to fall on a convex lens 


Study the colours 
“Airedlight. 

2. blue light. 

3. greenlight. 
4. red + blue light. 
5. red + green light. 
6. green + blue fight 


—_—. 


LIGHT BOX! 


cellophane paper 


5. Lenses 


A lens is a piece of transparent substance en- 
closed by two surfaces, one spherical and the 
other spherical or plane. Convex (converging) 
lenses are thicker at the centre than at the edges. 
Concave (diverging) lenses are thicker at the 
edges than at the centre. The principal axis of a 
lens is the line passing through the centre of each 


surface. 


Activity 14: Concave lens 


obtained on the screen for 


coloured paper 


—_" 


ae 
Bhat oe 


white screen 


h | 


converging (convex) diverging (concave) 


Fig. 5.16 Lenses 


Look through a concave lens at a nearby object and then at a distant 


object. What can you say about the image? — 


CONVEX LENS 
1, Holda convex lens close to the printed page of 
a book. 
2. Slowly increase the distance between the lens 
and book (object distance). 


3. Look at a distant object through a convex lens 
held at arm’s length from your eyes. Write 
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down your findings in each case. 


The principal focus of a lens is the point on the 
principal axis to which rays parallel to the axis 
converge after refraction (convex lens) or from 
which the rays appear to diverge after refraction 
(concave lens). The focal length of a lens is the 
distance between the principal focus and the 
centre of the lens. 


The principal focus of a convex lens is real 
because 1. the image formed at the focus can be 
seen ona screen, and 2. rays of light pass through 
it. 


tual. Thicker lenses refract light more and have 
shorter focal length than thinner ones. A lens has 
a principal focus on both sides. They are the 


same distance from the lens, which has only one 
The principal focus of a concave lens is vir- focal length. 


principal 
focus 
F 


diverging 


Parallel focus 


parallel __-~"\ [diverging trays converging — 
2 


rays F ~~_ rays 


Fig. 5.17 How lenses refract 


OPTIC CENTRE 
For a very small region near the centre of the The point P inside the lens, where the Tay cuts 
lens, the edges are parallel to each other anda Tay the principal axis is called the optic centre: 
of light passing through it behaves as if it were i q ‘ 
passing through a glass slab, i.e., em erges paral- For thin lenses, the optic centre is at the centre 
lel to its original direction. If the lens isverythin, Of thelensitself. Hence, the optic centre of alens 
the lateral displacement is small, and so a ray of is a point on the principal axis, through which a 


light after passing through the lens does not tay of light passing through does not change its 
suffer any deviatior ~r bending. path. 


Glass slab 


Convex lens Concave Lens 


Fig. 5.18 
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FORMATION OF IMAGE BY LENSES or appears to diverge from the focus. 


As in the case of mirrors, the following laws help 2. A ray through the optic centre does not 


us’to find the position, nature and size of the change its path. 
image. 
i. A ray passing through the principal axis, 3. Aray through the focus emerges parallel to 
after refraction passes through the focus, the principal axis. 


"Activity 15: : The cpllane diagrams show. how thei image is ae in 
a convex lens. irae ont in veer Boe boars: 


object distances 


real, 
inverted 
diminished 
at F 


at infinity 


real, 

inverted 
beyond 2F diminished 

Fand2F 


real, 
inverted 
same size, 
at2F 


between 


I, 
F and 2F pep 


inverted 
magnified. 
beyond 2 F 


at infinity 


virtual, 

ereit 
magnified 

at same'side as 


less than F the object 
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Note that as the object distance becomes _ is less than F (previous example). 
smaller, the image distance becomes larger. The IMAGES FORMED BY CONCAVE LENS 


image and object are always on the opposite The image is always virtual, erect and dimin. 
sides of the lens except when the object distance ished (Fig. 5.19). 


image is virtual, erect, 
diminished, on same side 


Fig. 5.19 Image formed by concave lens 


: Activity 16: To study the forma- 

_ tion of images through a lens. 8 

Things needed: A light box, 

_ screen, lens with stand, metre 

Procedure: 1. Distance object 

_ Mount the lens on tothe stand — 
and turn it towards a distani 

_ object. Place the screen behind 

_l 80 as to get a clear image of 

_ the object on the screen. Mea- 
sure the distance between the 
lens and the screen. What is 

_ this distance called? 

- Mount the convex lens on its stand and place ik in front of the 

: illuminated wire gauze of the light box. Using the value of je 

ce eee en @ above,, keep the lens s0 that its distance fromthe — 

_ object is between * and 2f. Will the tmageé be magnified op 

diminished? =” ee 

Place the screen on the other side of the lens aaa move it to and 

_ frotll a clear image of the illuminated wire gauze is obtained on 
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eles es anes distance rom the ols ee 
Aad Gee SED aE object ts great : 
¢ the experiment for two more v alites of ie ee 
ate the value off. S 


Now placet. 
Ze and repea 
Tabulate your readings and caleul 


Image distance 
vom 


Object distance 
ucms 


THE LENS FORMULAE Re lens is v, and the focal length of the lens is f, 
en 4 


It is possible, by means of two formulae, to de- 
termine the position and characteristics of the eb iss eae 
fie tas Us 


image formed in a lens. 


1. Distance formula : If the dis 
from the lens is u, the distance 


Here also, w i iti 
, we follow the ‘real is positive’ con- 


tance of the object 
vention for signs, i.e., all object and real image 


of the image from 
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distances are taken to be positive and all virtual 
distances are taken to be negative. For example, 
the concave lens has a virtual focus and hence its 
focal length is negative. 


II. Magnification formula : Magnification is 
defined as the ratio of the size of the image to the 
size of the object. It is a number which tells us 
how much larger or smaller the size of the image 
is than the object. For e.g., if the magnification 
is 4, it means that the image is four times larger 
than the object. On the other hand, if the magni- 
fication is 0.5, the image is half the size of the 


object. Putting it mathematically, if m is the 
magnification and J and O the size of the image 
and object, respectively, then 


I 
On 


It can also be shown that 


m= 


. Activity 17: The following problems have been worked out for you. Go 


through the Solutions carefully and then work 


1. An object 5 cm tall is placed 30 cm froma 
convex lens whose focal length is 10 cm, find the 
position, nature and size of the image. 


(i) To calculate the position of the image 


= 30cm 
10cm 


<|- =|- “|= ies 


= 30 _ 
Fe = 15 cm. 


Is the image real or virtual? How do you know? 


(ii) To calculate the size of the image . 
O=S5cm v=15cem u = 30cm T=? 


them out for yourself. : 
La 
OG u 
Lies 
Shane, 
T= 5x5 
30 
= 2.5cm. 


Is the image inverted or erect? Why? 


2.A concave lens has a focal length of 12cm. An 
object 3 cm high is 36 cm from the lens. Deter- 
mine the position and size Of the image. 


(i) Position 


f =-12cm (the lens is concave) 


u = 36cm 
v=? 
IU as Cart or 

Die Tie oR 

Fn SBN] Mita 9 
os Re. ae 
tie Cols opel 
vy 12 36 
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a 


P= — 
= Om if 
4 hence, if fis expressed in cms then fems = £/100 
~ 36 m and the power becomes 
1 
or y = —9cms. P = #7100 
(ii) Size p= 200. 
O=3cm u=36cm v= 9cm f 
BY (Se oY The unit of power is a dioptre. For a convex 
oO u lens ‘f is positive and so the power is positive. 
I 9 For a concave lens, the power is negative since 
mramasoe the focal length is negative. 
je 3. £0.75 cms. Hence a lens with focal length 20 cm has a 
5 power 
: jrtual? inverted or erect? 
Is the image real or vir P= i = +5 dioptres 
Power of a lens and a concave lens of focal length 40 cms has a 


F power 
If the focal length of a lens is f metres, then the 


power of the lens is defined as the reciprocal of =i 00 5 Pe cubes 
the focal length expressed in m. 


Activity ie Work out the following ‘problem and check your answer with 


the solution. 
‘ 1 1 
lens gives an ees Seas 
A object 10 cm from a conver ind. the 10 30 
E A he lens. Find t 
upright image 30 cm from . ie nah RTT 
magnification and power Of =-=3- 
u = 10cms v = —30cms nih 5 1 
The image distance is written with a mun pe ae 
Sign. Why? « f = 15cm. : 
(i) Magnification 
Gi) Since, fis incm, power P =100  100_ 
m= v = 2305 =3 f 15 
hy at 10 Spo ee 
5 i 
1 ‘2 i + L - Magnification = 3, Power = +6.66 dioptres. 
i 
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distance of the lens frome the ithe bus. 80 that a magnified 


rmed on the creen. : 


6 Repeat the above Steps for one more position 
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of object for neanifics a 
image and two more Positions for diminished i mage. : 
6. Tabulate your anes as ae. : 
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REVISION 


|. Choose the correct answer. 


1. The image in a plane mirror is 
a. real. b. inverted. c. in front of the mirror. d. virtual. 
2. An object is placed in front of a convex mirror. 
a. The image is real. b. The image is inverted. c. The image is large. d. The image is diminished. 
3. To obtain an erect magnified image in a convex lens, the object should be 
a. between the optic centre and F. b. between F and 2F. c. at 2F. d. beyond 2F. 
4. In the determination of focal length of a concave mirror, the approximate method is 
a. graphical method. b. distant object method. c. u-v method. d.n 
5. Light is incident from water to air at 30°. The angle of refraction is 
a. equal to 30°. b. less than 30°. c. greater than 30°. 
— 6. The angle of deviation in a prism 
a. increases with angle of incidence. b. decreases with ani 
d. none of the above. 


ormal reflection method. 


gle of incidence. c. both of the above. 


If. Fill in the blanks. 


1. When the angle of incidence is 45°, the angle between the incident and reflecte 
2. The image in a plane mirror is (i) « (ii) - (iii) « (iv) 
3. The image ina mirror is always diminished and virtual. 
4. The central point on a mirror is Called the 

5. Images that cannot be formed on a screen are 
6. Images that can be formed on a screen are 

7. Mirrors are used as rear view mirrors in cars and buses. 

8. A ray through the of a lens does not change its path. 
9. When the object is at infinity the image is at the 


10. Lenses which are bulging at the centre are called 


11. The size of image and object is the same at the 
12. When light travels from a denser mediui 


d rays is 


images. 
images. 


lenses. 


im to a rarer medium, it bends 


from the normal. 
13. Theincident tay, the refracted Tay and the normal atthe Pointofincidence all 
14. The refractive index of a substance is the ratio of the sine of the angle of to the sine 
of the angle of 


15. In a curved Mirror, magnification is the ratio of the size of to the size of 

16. The relation between the focal length, image distance ‘v’ and object distance ‘u’ is given by 
17. Mirrors are used in ophthalmoscopes. 

18. mirrors are used in headlamps and searchlights. 

19. Curved mirrors used as tear view mirrors in vehicles are Mirrors. 

20 mirrors are used as Shaving mirrors. 
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IIL State whether true or false. 


A teal image is formed in a plane mirror. 
The image in a plane mirror is virtual. 
The image in a plane mirror is formed in front of it. 
When light travels from a denser medium to a rarer medium, it bends towards the normal. 
For a curved mirror or a lens 
ie size of the object 

ip ha el “size of the image 

ex mirror is always virtual, erect and diminished. 


a Pon > 


. The image in a conv 
. The relation for focal length is given byf = uv/u+v. 


6 
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8. the u-v graph is a straight line. : 

9. For minimum deviation, the angle of incidence must be less than the angle of refraction. 
10, 


. For coloured lights, red, yellow and blue are the primary colours. 


11. The primary colour lights com 
12. The secondary colour of two ¢ 


bine to produce white light. 
colours is the complement of the third. 


\V. Match the following. 


(a) minimum deviation 


1. plane mirror 4 

2. convex lens (b) diminished erect image 
3. convex mirror (c) secondary colours 

4. prism (d) lateral inversion 

5. glass slab (e) rear-view mirror 

6. glass slab (f), primary colours 

a (g) Snell's law 


+ Concave lens Ae 
(h) magnifying glass 


V Problems: 

1. Light is incident on a glass slab at52°. Ifthe angle of refraction is 30°, whatis the refractive index 
of the glass slab? (Ans. 1.576) 

2. Calculate the power of a fens whose focal | 

3. Complete the path of the rays: 


length is .25 metres. (Ans. +4) 
N 


4. An object is placed 40 cm in front of a concave mirror of focal length 15cm. Find the Position of 
the image. (Ans. 24 cm) vi 

5. An object is placed on the principal axis of a convex mirror of focal length 10 cm. If the position 
of the object is 15 cm from the mirror find the position of the image. (Ans. 6 cm behind the mirror) 

6. A concave mirror produces a real image 4 cm tall of an object 2.5 mm tall placed 5 cm from the 
mirror. Find the position of the image. (Ans. 80 cm in front of the mirror) 

7. If the magnification of an object of height 10 cm is 0.5, what is the height of the image? (Ans. 5) 

8. An object 4 cm high is placed 25 cm from a convex lens of focal length 10 cm. Find the position, 
size and nature of the image. (Ans. 16.7 cm, 2.7 cm, real) 

9. An object 5 cm high is placed 20 cm froma concave lens of focal length 10 cm. Find the position, 
size and nature of the image. (Ans. -6.7 cm, 1.68, virtual) 


VI. Answer the following questions. 


1. How would you show by an experiment that the image in aplane mirroris as far behind the mirror 
as the object is in front of it. 


Draw a diagram to show how the eye sees a point object in a plane mirror. 


. Draw a diagram to show how the eye sees an extended object in a plane mirror. 
- State the laws of refraction of light. What is meant by refractive index? 

Describe a simple method of determining the refractive index of a rectangular glass block. 
Draw a diagram to show how aray of light passes through a glass prism. Label the diagram with 
the following: 

a. angle of the prism. 

b. base. 

c. angle of incidence. 

d. angle of emergence. 

e. angle of deviation. 

Also draw a diagram showing how the angle of deviation vari 
7. Describe an experiment to 
8. Describe an experiment to 


Pano 


ies with the angle of incidence. 


11. The following figures were obtained with a certain concave Mirror. 
Object distance 97.0 80.0 55.2 45.0 29.0 24.4 
ucm 
Image distance 25.2 27.0 31.3 358 66 108 
vom 


Using these figures plot a graph 


and from it deduce the focal length of the 
12. The table below gives values for 


mirror. 
uand vfor aconcave mirror. Plota graph and calculate its focal 
length. 
uinem 8.2 9.0 98 116 125 442 


6. Sound 


6.1 Wave motion 


Sound is caused by bodies in vibration. The 
majority of musical instruments produce notes 
either by the vibration of stretched strings or by 
the vibration of air in pipes. These vibrations 
cause the air in the neighbourhood to vibrate, and 
this disturbance travels out in the form of waves. 
If you throw a stone into a pond, you will notice 
that a disturbance is created on the water surface. 
This disturbance appears in the form of ripples 
on the surface of water. 


Place some small pieces of cork or bits of 
paper on water and watch what happens when a 
wave passes under them. They rise and fall, not 
together, but one after the other. Thus, we infer 
that when a wave passes over water, each par- 
ticle never moves far from its position of rest, but 
vibrates, not simultaneously but each one a little 
later than the one before it. Sound waves can 
pass through a medium either as 
1. transverse waves, OF 
2. longitudinal waves. 


Wave mation - rellection - echoes - free and forced vibrations. 


TRANSVERSE AND LONGITUDINAL 
WAVE MOTION 


In transverse wave motion, the particles of the 
transmitting medium travel to and fro along 
paths perpendicular to the direction in which the 
wave moves (6.1a). 


direction of motion 
— 


particles move up 
and down ata 
right angle to the 
direction of the 
wave motion 


Fig. 6.1a Transverse wave motion 
Examples of transverse wave motion are water 
waves, radiant waves in the ether of space, waves 
which convey light and heat energy, and electro- 
magnetic waves used in wireless communica- 
tion. 
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In longitudinal wave motion, the particles of 


Particles move 


itti i backwards and 
the transmitting medium travel backwards and Beck mae nord 
i i i same i 
forwards in the path which is along the line that Tre ea ectionas 
marks the direction in which the wave moves. rarefaction, 


Sound travels as longitudinal waves, i.e., wave 
particles oscillate in the same direction as the 
wave travels. Owing to the longitudinal motion 
of the wave particles, sound waves consist of a PSRENSaee 
series of compressions which is followed by 
rarefractions. 


Wavelengtn 


wave motion 


Fig. 6.1b Longitudinal wave motion 


Activity 1: To illustrate the different kinds of fundamental character. : 
istics of wave motion. : ‘ 


_ 1. Tie one end of a rubber tubing to a support as shown in figure (a). 


rubber tubing 


support 


___ Te a piece of string to the tube, leaving one end dangling. Vibrate 
the free end of the tube up and down with the hand, Note the effect 
on the tube. How does it vibrate? 


2. Attach a coiled spring between two supports. Tie a piece of string 


1. a. What do you observe when the end of the tube ts vibrated? 
b. What is the direction 


of motion of the tubin, with respect 
tis length? : mS 


2. a.What do you observe when you release th 
b. What is the direction of motion of the c 
to tts length? 


3. How does this activity help you understand the characteristics 
of transverse and longitudinal wave motion ? 


€ couls of the spring? 
oils of spring relative 
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Look carefully at Fig. 6.2 and try to recall and 
understand all the terms given below: 


2—wave lengths 


amplitude 


h B 
e mean 
= Position 
8 
a) maya jaa eral | 
r | 
v 
, Direction 
Cr aN: of wave 
Fig. 6.2 


Amplitude: The maximum displacement from 
the mean position, e.g., BB, or DD, is called an 
amplitude. 

Particles at the same distance from their mean 
positions and which are moving in the same 


directioti are said to be in phase, i.e.,P andQ in 
Fig. 6.2. Particles such as B and D are said to be 


out of phase. 


6.2 Reflection — echoes 


Wavelength: This is the distance between two 
particles in the same phase, i.e., the distance FJ 
or DH or AE, etc. 


Period of vibration (T); The time taken for one 
complete vibration is called the period of vibra- 
tion, i.e., the time taken by a particle in travelling 
from its mean position through its maximum 
displacement first in one direction and then in the 
other, finally returning to its mean position. 


Frequency (n): This is the number of vibrations 
made in one second. The unit of frequency is the 
hertz. 

Wave train: This indicates a succession of waves 
caused by continuous vibration of the source. 


/elocity: The distance covered by the distur- 
bance in one second is calied the ve/ocity. Dur- 
ing one vibration, the disturbance travels a dis- 
tance of one A, therefore the distance travelled 
for 

n vibrations = n A 
Since n_ vibrations take place in one sec.,n X is 
the distance travelled in one second. 
or, nk 


v= 


Activity 2: Look at the following diagram which you may be familiar 
with and answer the foliowing questions: 


1, What does this experiment 
demonstrate ? 

2. What is the purpose of tube 1? 

3. What is the purpose of tube 2? 

4. What happens at the surface 
of board AB ? 

&. What can you say about the 
angle of inclination of tubes 
land 2? 

6 What conclusions can you 
draw from this experiment ? 

7. What is the purpose of board 
CD? 


watch 


Reflection of sound 


8 What will happen if the position of either tube is changed ? 
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ECHOES 


An echo is the repetition of sound caused by 
reflection from some distant obstacle. Thus, 
when a sound is produced before a distant hill or 
a row of buildings, an echo is generally heard. 


Ithas been found that for an inarticulate sound 
which lasts for a very short interval of time, such 
as gun-fire, clapping of hands, cooing, etc., the 
sensation of sound persists in the ear for about 
one tenth of a second. Hence, our ears will be 
able to hear an echo only if the sound produced 
and its reflection reach the ear at least 1/10 of a 
second apart. 


The velocity of sound in air is 330 m/s, i.e., 
sound travels 330 metres in one second. There- 
fore, the distance travelled by sound in 1/10 of a 
second = 33 m. So the reflecting surface must be 
at least half this distance, i.e., 16.5 m for an echo 
to be heard. 


When the distance between the reflector and 
the source of sound is less than this distance,i.e., 
16.5 m, such as in a hall or auditorium, the 
original sound and the reflected sound can be 
heard as separate sounds and gives the impres- 
sion that the original sound has been prolonged. 


This phenomenon is called reverberation of 
sound. 


_ Activity 3: ‘List some of the uses of reflection of sound. 


. SOUND WHICH CANNOT BE HEARD 


Only sound with a frequency between 16 hertz 
and 20,000 hertz (one vibration per second is 
called a hertz) can be heard by the human ear. Air 
vibrations with higher frequencies cannot be 
heard by the human ear. They are called ultra- 
sonic waves. 


"Activity 3: Look at this diagram 
about echo— sounding which you 


| have learnt about earlier, 
4. What is echo sounding? — 
_ 2, What is it used for here? 
_ 3. How is the depth of the ocean 
| estimated? : 


SONAR 


Another application of reflection of sound based 
on echo-sounding is Sound Navigation and 
Ranging (SONAR). Thisis used to detect under- 
water objects and submarines. The principle is 
the same as that of echo-sounding except that the 
transmitter and receiver are placed in a dome- 
shaped container which can rotate about a verti- 
cal axis. From the time taken between transmis- 


With the help of crystals that can be made to 
vibrate electrically, ultrasonic waves up to 1000 
MHz can be produced (1MHz = 10°Hz). Ultra- 
sonic waves have thousands of times more en- 
ergy than normal sound waves. 


Utrasonic 
transmitter 


ultrasonic 
receiver 


sion and reception of the ultrasonic waves, the 
depth at which the submarine is located is deter- 
mined. The angle of rotation of the dome gives 
the direction in which the submarine is trav- 
elling. 
DETERMINATION OF VELOCITY OF SOUND BY 
ECHO-SOUNDING 


If a sound signal is directed to a distant wall or 
obstacle, an echo will be received some time 
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later. The sound travels twice the distance be- 
tween the wall and the observer during this 
period. 

In order to get clear echoes, the wall should 
not be too far so that only short time intervals 
have to be measured. The sound signals are sent 
out by a metronome which is an electrically 
maintained tapper which sends out sound signals 
at regular intervals of time. The distance of the 
metronome from the wall is adjusted until the 
echo of one click is heard simultaneously with 
the next click. The sound signal has clearly 
travelled to and fro from the wall during the 
interval between the clicks. This time interval 
can be measured accurately and so the velocity 
of sound can be calculated. 
distance travelled 

time taken 


2x distance of 
metronome from the wall 
Bae 
time 


velocity 


The velocity of sound in air at 0°C is 332 m/s. 
6.3 Free and forced vibrations 
FREE VIBRATIONS 


When a body, capable of oscillating, is excited 
and left to itself, it will vibrate with a frequency 
of its own. This is called its natural frequency, 
which is the number of vibrations made in one 
second measured in hertz. The vibration of the 
body is called its free vibration. For example, 
when a tuning fork on a suitable stand is struck 
with a rubber hammer, and left to itself, the 
prongs of the fork are found to vibrate with a 
definite frequency of their own. This vibration is 
said to be the fork's free and natural vibration. 


A pendulum, when disturbed from its pos ition 
of rest and left to itself, will continue to swing to 
and fro with a free and natural frequency of its 
own. 


FORCED VIBRATIONS 


When a body, which is capable of vibration is 
made to vibrate with the natural frequency of 
another vibrating body, then its vibrations are 
known as forced vibrations. 


If a vibrating fork is held in air, we do not 
usually hear any sound coming from the fork. 
But when the stem of the same vibrating fork is 
pressed against the top of a wooden table, the 
sound is clearly audible. In this case, the table 
top is forced to vibrate with the frequency of the 
tuning fork. The table top, being larger in size, 
sets a large amount of air into vibration, and this 
makes the sound audible. Here, the table is 
forced to vibrate with the natural frequency of 
the tuning fork. 


Fig. 6.3 Stretched string 


When a string which is stretched tightly is 
plucked, it will seta very small quantity of air 
into vibration, making a very feeble sound. But 
when the same string is stretched upon a board, 
and passed over two bridges:A and B, as shown 
in Fig. 6.3, and plucked, aloud sound is heard. In 
this case, the string exerts a periodic force on the 
bridges, which in turn forces the board to vibrate. 
As the board is in contact with a large mass of air 
which is set into vibration, the sound heard is 
louder. 


RESONANCE 


When the natural frequency of the body being 
forced to vibrate is equal to the natural frequency 
of the vibrating body, the resulting vibration is 
said to be resonance vibration and the vibration 
is of maximum amplitude. Another name for 
resonant vibrations is sympathetic vibrations. 
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Activity 42 Sispend: two ae pen- 

_dulums of équal length from a 

_ slightly stretched horizontal cord. 

-Pullone pendulum aside and allow 

ittooscillate = = 

"1 What do you observe? S 

eg. What does this aor 
demonstrate? = 

: 3. Giver reasons for 3 your. answer. ae 


: Activity 5: Stretch wuiivecver two bridges ofa sound box: Strike a tuning é 
“fork onarubber pad and place it on the sound box. _ Adjust the positions 
_ of the two bridges so that a paper rider placed i in the centre isthrown 
_ off: 
2. Why do you hear a loud sound when the ae fork is s placed on 
the sound box? : 
2. Why does the paper rider fly off? oe 
__ 3. What does this experiment demonstrate? — 


Activity 6: Set a tuning fork into vi- 
bration and hold it near the open 
end of a fairly tall glass cylinder. 
The sound emitted is very faint. 
Pour water slowly into the cylinder 
_ uniil the sound becomes louder. 


i Me is the sound very [ars except 
a a certain level? : 


2. What does this experiment iden 
onstrate? 
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nanos ware nt, parle oe medina a 
be ara of prepeneto oo We = 


: Frequency is the number of vibrations made inc one 00008 
The veloeny alte wave is eve By 


6. An echo is the ate ot sound caned by reflection from some distant wbdllide: 
7. Sound. waves having frequencies greater than 20 KHz are called ulrasonic Waves.” 
8. ‘SONAR means sound eee and a 


REVISION 
|. Fill in the blanks: 
1. In transverse waves, the particles vibrate to the direction of propagation. 
2. In longitudinal waves, the particles vibrate to the direction of propagation of the 
waves. 
3. Longitudinal waves travel as and 
4. Transverse waves travel as and 


5. The maximum displacement from the mean position is called 

6. The unit of frequency is 

7.A is the repetition of sound caused by reflection from some distant obstacle. 
8. Sound waves having frequencies greater than 20 KHz are called 
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Il. Choose the correct answer. 


1. A wavelength is 
a. the distance travelled by the wave. b. the maximum displacement. c. the distance between two 
crests. d. the distance between a crest and a trough. 


2. If a tuning fork Ais allowed to vibrate near a tuning fork B of the same frequency, the vibrations 
of B are said to be 


a. resonant. b. free. c. forced. d. none of the above. 


Il. State whether true or false: 


1. Transverse waves consist of rarefractions and compressions. 

2. The period of vibration is the time taken for one complete vibration. 

3. Amplitude is the distance between one crest and one trough. 

4. The relation between velocity and wavelength is 1 = v/n. 

5. Echo sounding is based on reflection of sound. 

6. Ultrasonics are sound waves of frequencies above 20 Hz. 

7. When a stretched string is plucked, its vibrations are forced vibrations. 
8. The vibrations of a simple pendulum are free vibrations. 


IV. Answer the following questions: 


1. Describe an experiment to demonstrate 
(a) transverse waves. (b) longitudinal waves. 


2. Define the terms amplitude, phase, wavelength, period of vibration, frequency and velocity. 
3. Explain what is meant by reverberation of sound? 

4. Write a note on echo-sounding. 

5. Explain the use of SONAR. 


6. How is the velocity of sound determined by echo-sounding? 
V. Match the following: 


1. free vibration (a) n < 20KHz 

2. wave length (b) distance travelled 
time taken 

3. ultrasonic waves (c) frequency of its own 


(d) n> 20 KHz 
(e) distance between two particles in phase 
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7. Magnetism - I 


moment 


MAGNETIC FIELD 


When iron filings are sprinkled around a bar 
magnet on a sheet of paper, and the paper is 
tapped, the filings settle in a definite pattern. 
This shows that the magnet exerts a magnetic 
force in the region around it. The space sur- 
rounding a magnet ora current-carrying conduc- 
tor in which the magnetic force is exerted is 
called the magnetic field. 


It will also be noticed that the iron filings 
adhere most at regions near the poles of the 
magnet, where the attracting power of the mag- 
net is greatest. A pivoted magnetic needle will 
come to rest in the north-south direction. The 
pole turned towards the north is called the north- 
seeking pole or north pole. The pole turned 
towards the south is called the south pole. 


MAGNETIC FIELD STRENGTH AND MAGNETIC 
POLE STRENGTH 


The definitions of magnetic field strength and 
magnetic pole strength may be obtained from 
Coulomb’s Inverse Square Law, which states 
that the force between two poles is directly pro- 


Magnetic field - magnetic strength - plotting lines of induction - magnetic 


Fig. 7.1 


portional to the product of their pole strengths 
and inversely proportional to the square of the 
distance between them. 


Let F be the force between two poles of 
Strength m, and m, separated by a distance r. 
Then, by Coulomb’s law, 


F x mm, 

and F c + 
Combining both, we have 
mm 
F ise) 

R 
ve LOU 

F=K 2 


where K is the constant of proportionality. 
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In the SI system of units, K = Ho where 


1, is the permeability constant of free space or 
Gerad and has a value of 4r x 10°’ henry/metre. 


Hence, 
Hy US 
as 
4n r 
On the basis of this equation the unit pole 
strength can be defined. 


If m, = m, = 1 andr =1 metre, then 


1m 
Fig. 7.2 


p= 42 x107 
4n 
Therefore, the unit magnetic pole is that pole 
which, when kept in air or vacuum at a distance 
of 1 metre from an equal and similar pole, expe- 
riences a force of repulsion of 10 newtons. The 
unit of pole strength is the ampere metre. 


=10’7N 


If, in the above expression, m, =mand m, = 1, 
then the force 


nese mx 
ae ys 


This force is called the magnetic induction B. 


Activity 1: To plot the lines of 
magnetic induction, place a bar 
magnet on a sheet of paper, and 
mark its outline. Place a com- 
pass needle close to the north 
pole of the bar magnet. When the 
needle comes to rest, mark out 
the position of the needle with 
two dots against the two poles of 
the needle, Move the needle until 


Magnetic induction at a point in a magnetic 
field is the force experienced by a unit north pole 
when placed at that point. This is a measure of 
the strength of the magnetic field. The unit of 
magnetic induction is the tesla. 


MAPPING OF MAGNETIC FIELDS 


The space around a magnet in which its magnetic 
influence is felt is called the magnetic field. A 
curve may be drawn in a magnetic field in such 
a manner that the tangent to it at any point is 
parallel to the direction of the field at that point. 
Suchcurvesare called lines of magnetic induction. 
They start at the north pole and end at the south 
pole. They do not intersect each other. If the 
magnetic field is uniform, the lines of magnetic 
induction are parallel to each other. 


Fig. 7.3 Plotting compass 


A magnetic field can be easily mapped using a 
compass needle. The compass needle used for 
this purpose is shown in the figure. It is a very 
small magnet pivoted on sharp bearings, placed 
inside a flat cylindrical brass case with glass 
covers at the top and bottom. 
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the south pole of ihe needle i in the second position lies above the dot 

_ made by the north pole in the previous position. When the needle _ 
_ comes to rest again, mark another point in front of the north pote. 

: Continue this process till the south pole of the bar mognetisreached. 


- The line joining the successive dots gives the line of magnetic induc- 
"tion. In this way, the whole field of t the magne in the ae oe the a 


= paper. may be mapped out. 


Se 


a. without the presence of amagnet b. withtwo opposite poles 
Fig. 7.4 Lines of magnetic induction 


If the lines of magnetic induction are plotted 
without the presence of any magnet, a series of 
parallel lines are obtained. The lines of induc- 
tion obtained when two opposite poles (b) and 


» similar Poles (c) are placed near each other are 


shown in Fig. 7.4. In the cases described so far, 
we have not considered the action of the field due 
to the earth. Since the field of the earth is very 


“cy 2 Plot afew li 


; Activity 3 To plot the se magnet field of 


a bar magnet — 
ok North pole pointing north — 


Take a sheet of white paper and 
_ draw a line across tts centre parai- 


" lel to one of the edges. Place a com- 
on this line. and rotate 


; the magnetic 
_ needle lies exactly long theline. In 
_ this position, secure the corners of 
he paper to the table, and place a 
bar magnet ontheline with its north 
_ pole pointing? north, which you have 
_ marked on the paper. Bring the 


_ pass needle 
"the sheet ofpaper until 


c. with two similar poles 


weak, its influence is not felt in the regions close 
to the poles. At a distance from the poles, the 
field due to the magnet becomes comparable 
with the field due to the earth. The pattern of the 
lines of induction of a magnet is really due to the 
combined effect of the earth’s field and that due 
to the magnet. 


es 8 of magnetic induction to demonstrat. ‘a), 
ee G ene OREN (G ee 


ii) pee a compass 


magnetic north 


a) 
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compass needle near the north 
pole of the magnet and draw the 
lines of magnetic induction. The 

lines of induction will assume the 
pattern as shown in the figure. 
2. South pole pointing north 


Reverse the magnet so that its 
south pole points north. Now the 

_ pattern of the lines of magnetic in- 
duction obtained on plotting with 
a compass needle are as shown in 
the figure alongside. 


It can be seen that no lines of induction pass 
through certain points marked P. At such points, 
the magnetic induction due to the magnet is 
exactly equal and opposite to the magnetic in- 
duction due to the earth’s magnetic field, i.e., the 
Tesultant magnetic induction at these points is 
zero. Such points in a magnetic field where the 
resultant magnetic induction is zero are called 
neutral points or null points. At these points, the 
Magnetic induction due to the horizontal compo- 
nent of the earth’s magnetic field (B) is exactly 
equal and opposite to the magnetic induction (F) 
due to the Magnet. It can be shown by calcula- 
tions that if d be the distance of the neutral point 
P from the centre of the magnet, and 2/ be the 
length of the magnet, then the horizontal 


component B, of the earth’s magnetic induction 
for 


1. North pole pointing north 


Bi M 

B= 0. 

4 i” @ Pye 

where M is the moment of the magnet (M=2ml), 
and}, isa constant called the permeability of the 
medium. For air or free space, 1, =4m x 107 
henry/metre. If the magnet is short, the length 


magnetic north 


I canbe neglected as compared to the distance d, 


ie., d >> 1. 


Then, 
= by M 
Bylragg 7 
2. South pole pointing north 
— by . 2Md 
B, 7p XE =Py 
And for a short bar magnet 
Paes 2M 
7 an X BR 
In the above expressions, if wea 
of B,,, the magnetic moment of 
calculated, i.e., 
4n B, & 
Hy amp—m? from ...(1) 
4x B, a 


ad ASS ae oe amp — m? from (2) 


Since M = 2ml the pole stren 
can also be calculated. 


By 


Ssume the value 
the magnet can be 


gth of the magnet 


The unit for magnetic induc 


tion is the 
weber/ metre? or tesla. 
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ee Basic concepts - : = : 
“4 The: space around a magnet in which its magnetic influence is feit is led: a tage fold 
2 Accarding to Coulomb's s Inverse ue law 
oo Be : 
ore ; : : . 
: where m, and. m, are the strength of two poles place Fmapartin a medium of pernedbiy Bo henry. = 
: 3. The unit of pole strength is ampere - =m. ; . oS 
4. The unit of magnetic induction is the tesla, 
8. Lines of magnetic induction do not intarsect each che. 
8. For the North pole pointing north , the nut poinis are on the equatorial tine of ithe bar magnet. 
6 For the South poe ee north, the null points ar are on the axial line oth bt mage 


REVISION 


|. Choose the correct answer. 
1. For a bar magnet the magnetic induction is greatest 
a. at the poles. b. on the equatorial line. c. on the axial line. d. at the centre of the magnet. 
2. The unit of magnetic induction is 
a. amp-m. b. amp/m?. c. henry/m. d. tesla. 
II. Fill in the blanks. 


4. The space surrounding the magnet in which its magnetic influence is felt is the’ 


2. The force between two magnetic poles is proportional to the product of their pole 
strengths. 

3. The force between two poles is proportional to the of the distance between 
them. 


4. The unit of magnetic induction is 
5. The unit of pole strength is ‘ 
6. Lines of force start at a pole and end at a pole. 


7. Lines of force do not each other. 
8. Parallel lines of induction indicate a magnetic field. 


9. The magnetic induction due to a short bar magnet with North pole pointing north is given by 
By= : 
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10. The magnetic induction due to a short bar magnet with the South Pole pointing north is given 
by SB a= on a 


lll. State whether true or false. 


1. For a bar magnet the magnetic induction is greatest at the Poles. 
2. The unit of permeability is amp-m. 


3. Lines of magnetic induction start at a south pole. 
4. The line joining the North and South poles of a magnet is the equatorial line. 
5. For a magnet placed North pole pointing north, the null Points are on the equatorial line. 


!V. Answer the following questions. 


1. State and explain Coulomb's Inverse Square Law. 
2. How will you plot a magnetic field with a bar ma 


gnet for the North pole Pointing north? 
3. How will you plot a magnetic field with a bar ma 


gnet for the North pole pointing south? 
V. Match the following : 


1. Magnetic induction 
2. Axial line 


3. Compass needle 


. line along’ the axis of a bar magnet. 
. needle with one pole. 


. tracing lines of force. 
. Strength of the magnetic field. 
. line perpendicular to the axis of the bar magnet. 


eoaaonryp 
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8. Light - 0 


Total internal reflection - total reflecting prisms - optical instruments - - photo- 


graphic camera - simple and compound microscope - telescope - human eye 
and its defects with their correction - “spectrum - intra red and ultra violet rays. 


8.1 Total internal reflection 


Consider what happens to light coming from a 
point O underneath water or glass. A ray OP 
normal to the surface goes straight through, and 
ray OQ is bent away from the normal. 


As the angle rin the water increases, the angle 
jin the air increases until i is equal to 90°, i.e., the 
emergent ray grazes the surface of separation 
between the two media. If the angle of incidence 
in the medium is increased still further, no re- 
fraction takes place and the ray such as OS is 
reflected back into the medium. According to 
the laws of reflection such a ray is said to be 
totally internally reflected and the phenomenon 
is called total internal reflection. The angle 
ORN for which the emerging angle MRS is 90° is 
called the critical angle C. Hence, the critical 
angle for a medium is the angle of incidence in 
the medium for which the angle of refraction in 
air is 90°. Total internal reflection occurs when 
the angle of incidence exceeds the critical angle. 


The refractive index ( {1-) of the medium is given 
by 


_ _ sini 
~ sinr 
= 90°; r=C 
Refractive index of sin of angle in air 
water = “Sin of angle in water 
_ _sin90 
sin C 
1 
> sinc 


Thus the refractive index of water with respect to 
air is given by 


1 
Cs Le kitu 
MIRAGE 


A traveller in a desert sees a lake, with the sky 
and distant hills reflected init. Ashe approaches 
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air 


glass or water 


internally reflected ray 


Fig. 8.1 Total intemal reflection 


it , the lake disappears or moves further off, and 
he finds only hot sand. What he actually saw 
earlier was a reflection at ground level, but the 
reflection was not by water, but by hot air. This 


light from the sky 


A direct light through of air of uniform refractive index 


cool air 
warm air 


! image of point A 


phenomenonis calleda mirage. Youdonothave 
to go to deserts to see Mirages, they are oftenseen 


on roads on very hot days. Fig. 8.2 shows how 
this comes about. 


Fig. 8.2 Mirage : In a hot region 


The sun’s heat warms the sand or the road 
surface and this warms the air in contact with the 


sand. So the upper layers of air are cool and the 
lower layers are warm. 


The density of warm air is less than that of 
cool air so that the light is bent away from the 
normal (denser upper layer to rarer lower layer). 
Finally, the angle of incidence on a warm layer 
is so large that it exceeds the critical angle and 
light is totally reflected, bends upwards and 
teaches the eye. An inverted image of the object 
is thus seen, by rays which are initially reflected 
at the lower layers of the atmosphere. 


Another kind of mirage occurs in the arctic 
Tegions. Here images of ships are seen in the sky. 


=o 
—_-s 
SS 


Fig. 8.3 Mirage : In a cold region 
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In the polar regions, the surface of the sea be- 
comes very cold, resulting in the layers of airat 
the surface of the water becoming colder (and 
denser) than the layers above. Rays from any 
point of a ship starting upwards pass into a rarer 
medium and become more and more bent away 
from the normal until they suffer total internal 
reflection. Therefore, objects such as ships and 
icebergs appear to be projected up on the skies. 


ATMOSPHERIC REFRACTION OF SUNLIGHT 
A ray passing from vacuum to air is bent slightly 


8.2 Total reflection prisms 


If the angle of a prism is 90° and the base angles 
are 45° each, the light entering at right angles to 
one of the shorter faces (refractive faces) makes 
an angle of incidence of 45° on the hypotenuse 
face, But the critical angle for glass is 42°. Since 
the angle of incidence is greater than the critical 
angle, the light is totally reflected according to 
the laws of reflection and is turned through 90°. 
Such prisms are used often instead of mirrors in 
periscopes (Fig. 8.5). 

Total reflecting prisms can be used either to 
invert a beam of light, i.e., to reverse it left to 
right or to turn it upside down. Figs. 8.6 and 8.7 
show how this is done. A pair of such prisms is 
used to reverse and then to give an erect image in 
a prismatic binoculars. 


towards the normal. Light from the sun, enters 
the atmosphere and travels towards the earth’s 
surface. As it travels it passes through air of 
gradually increasing density and refractive in- 
dex. Hence, the light is bent more and more 
towards the normal. The altitude of a heavenly 
body therefore appears greater than it really is 
and a correction for atmospheric refraction has 
to be applied in accurate astronomical work. It 
is for this reason that at sunset the sun is visible 
for about 7 + minutes after it has set. 


observer 


layers of atmosphere 


08 
ave 
9° 
Fig. 8.4 


Fig. 8.5 Total intemal reflection : Light turned through 90° 
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Fig. 8.6 Total internal reflection : Light is undeviated and 
emerges parallel to original 


Fig. 8.7 Total intemal reflection : Light is inverted without 
deviation 


eye piece 


objective 


Total reflecting prisms have the following ad- 
vantages over mirrors: 


1. Reflection occurs at one surface only. There 
are no multiple images. 

2. Nearly 100% of the lightis reflected compared 
to 80% for a silvered glass mirror. 

3. There is no need for silvering which will 
tarnish or wear off. 


PRISMATIC BINOCULARS 


This consists of two telescopes, one for each eye. 
Each telescope contains an objective and an eye 
piece and also two total reflecting prisms (Fig. 
8.8). One prism inverts the light top to bottom 
and the other reverses it left to right (laterally). 
Hence, the rays proceeding to the eye piece are 
in their original direction and the image is formed 
the right way up. Since the light traverses the 
length of the tube three times, the magnifying 
power is equal toa telescope three times as long. 
Prismatic binoculars are compact, and give highly 
enlarged and clear images. 


Fig. 8.8 Prismatic binoculars 


be used in a periscope. 


yt: Draw a diagram showing how t 
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8.3 Optical instruments 

1. THE PHOTOGRAPHIC CAMERA 
Take any type of camera that is available and 
examine it. You will find it has three essential 
parts. 
a. a light-tight box, 


b. aconvex lens, and 
c. a light-sensitive plate or film. 


The lens forms a real inverted image on the 
sensitive surface. The image is usually much 
smaller than the object focussed. 


Apart from the above three parts, a camera has| 
a) ashutter to admit light into the camera only for 


object 


a certain period of time. A normal snapshot 
exposure is about 1/20 of a second, 

b) a hole or a stop of variable aperture. This as 
well as the shutter controls the amount of light 
entering the lens, and 

c) bellows which can be made to fold up when 
the camera is not in use. This also allows the 
camera to be focussed by altering the distance of 
the lens from the film so that all objects can be 
sharply focussed on to the film. 

Fig. 8.9 shows the action of a camera. You 
will again study the camera, human eye and 
other optical instruments in much greater detail 
in Class X. Only the main functions of these 
instruments are described here. 


bellows 


[=> 


7 


light-tight box 


Fig. 8.9 How a camera works 


2. SIMPLE MICROSCOPE OR MAGNIFYING GLASS 


You learnt in Chapter 5 that when an object is 
placed near a convex lens at a distance less than 
its focal length, a magnified erectimage Is formed. 
When used like this, the lens is called a magni- 
fying glass or a simple microscope. The image 
would be most clearly seen if it were formed at 
the least distance of distinct vision, ie, 25 cm 
from the eye. Now, the magnification in a lens 
is given by 
size of image 


~ “size of object 


m 


Hence, if the lens is placed 5 cm from an object 
and the image is formed at a distance of 25 cm 
then 


“ite. the image is magnified 5 times. The lens 
chosen should be of short focal length. 


3. COMPOUND MICROSCOPE 


For very small objects the magnificatiun pro- 
duced by a simple microscope is not enough. To 
produce greater magnification, twoconvexlenses 
areused. The first, the objective, produces areal 
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magnified 
image 


Fig. 8.10 How a simple microscope works 


magnified image of the object. This image 
becomes the object for the second lens, the eye 
piece, which acts as a simple magnifying glass 


and produces a virtual magnified image of the 
first image. 


4. THE TELESCOPE ; 


The telescope is an instrument used for viewing 
very distant objects. Telescopes used for viery- 
ing celestial objects are called astronomical tele- 


Activity 2: Take a convex leng 


magnifying action by hoidi 
_ printed page, ete. 


Activity 3: Mount two conver ler, 


compound microscope. Place the 
objective. Is the tmage real or virt 


"us. inverted or erect? 


~scopes, while those used for viewing terrestrial 
objects are called terrestrial telescopes. 


form it consists of 1) an objective of large focal 
length. It forms an inverted, diminished image 
of the distant object in its focal plane, and 2) an 
eyepiece of short focal length which acts as a 
magnifying glass to form the final image, either 


at infinity or at the least distance of distinct 
vision. 


Fig. 8.11 A compound microscope 


of short focal length and study its 
ng tt close to small objects such as a 


ses on separate stands and form a 


lens of shorter focal length asthe 
wal? .. m 


+= Magnified or diminished? e 


The terrestrial telescope: The final image formed 


by an astronomical telescope is inverted, This 
The astronomical telescope : In its simplest 


does not matter if we are looking at a star or a 
planet or the moon, but if we want to view a 
distant ship, or to detect the enemy, then it would 
be more convenient to view them the Tight way 
up. This can be achieved by using a third convex 
lens of short focal length between the objective 
and the eye piece. This lens is called the 
erecting lens. 
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common focal plane of both lenses 


rays 

from point 

SS 
ona 
distant object 


from virtual image at infinity. Bee 
Activity 4: Construct a simple telescope. — 


Mount aconvex lens with a focal length of 50 em and turn it towards 

- a-distant object such as a tree. Adjust a frosted glass screen on the . 
other side so that a clear image is formed onit. Place a convex lens 

- with a focal length 10 cm as an eyepiece behind the screen and view 
the image through this. : ‘ 


® : 
Gi 

final image of 

distant tree : 


convex lens frosted glass convex lens 
f = 50 cms screen f=10 cms 


What is the nature and size of the unage formed on the screen? 
“When viewed through the eyepiece ts there any change in this phew? 
What does the first lens dot ce henna 
What does the second lens do? : 
‘Where is the final image formed? 


5. THE HUMAN EYE 


The optical principle of the working of the human 
eye is identical to that of the camera. As you 
already know, a camera has three essential parts 
i.e, a light-tight box, a convex lens, and a light- 
sensitive plate or film. 


In the human eye, the light-tight box is found 
in the eyeball which is nearly spherical in shape 
and slightly bulging in front. The eyeball has a 
tough outer coating called the sclerotic. i 

nerve 


The treasparent bulging portion in front is hae rating 
called the cornea, through which light enters the eee 
eye. Behind the cornea the crystalline lens is 
supported by ciliary muscles which are attached Fig. 8.12 The human eye 
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to the lens by suspensory ligaments. The liquids 
which cover the lens in front and behind are 
known as aqueous and vitreous humour, respec- 
tively. Both these liquids have a refractive index 
almost the same as that of water ( 1.33). The 
tefractive index of the crystalline lens is 1.5. Just 
in front of the lens is the iris diaphragm which 
corresponds to the ‘stop’ ina camera. The hole 
in the iris, through which light enters the eye, is 
called the pupil. This is the round black central 
part surrounded by the coloured iris. The inner 
surface of the sclerotic is lined by the choroid 
which contains a black pigment that absorbs 
unwanted light. Over the choroid isa membrane 
lining the inner wall of the eyeball — the retina. 
This membrane contains nerve fibres Sensitive 
tolight (corresponding to the photographic film). 
The central spot on the retina is called the yellow 
Spot and this is most sensitive to light. Theretina 
sends messages to the brain through the optic 
nerve. The point where the optic nerve enters the 


eye is totally insensitive to light and is called the 
blind spot. 


Action of the eye: The distance between the 
Crystalline lens and the retina is fixed. Even so, 
the eye is able to Clearly see objects which are at 
various distances from the eye. This is because 
the focal length of the eye - lens is altered by the 
action of the ciliary Muscles, so that the image is 
always is formed on the Tetina. This action is 
called accomodation. The power of the eye to 
adjust itself so as to see objects at different 


distances is called the Power of accomodation of 
the eye. 


When the eye is viewing distant objects, the 
ciliary muscles are completely relaxed and the 
eye lens is thin. If the eye has to view nearer 
objects, the ciliary muscles Press on the lens 
making it thicker so that the focal length de- 
creases and the image of objects is still formedon 
the retina. When objects are about 25 cm from 
the eye the ciliary muscles have expanded to the 
maximum and cannot change the focal length of 
the eye any further. This shortest distance within 
which the eye cannot distinctly see objects, is 
called the least distance of distinct vision. The 
point upto which the eye cannot see objects dis- 
tinctly is called the near Point. The farthest point 
upto which the eye can see objects clearly is 
called the far point. For a normal eye, the near 
point is at the least distance of distinct vision and 
the far point is at infinity. 


Defects of vision : Among the Many defects of 
the human eye the two most common are 
(a) short sight, and (b) long sight. 


(2) Short sight: The ye cannot focus on distant 
objects as the rays focus in front of retina. A 
concave lens is used to correct this. It diverges 
the light entering the eye so that the image is 
formed on the retina, 


behind the retina. This may be corrected by 


Causing the rays to Converge through a convex 
lens before entering the eye, 


‘The fig. 8.13 shows the 


defects of Vision and 
their correction, 
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distant object close object correction 

| 

normal eye jl > 
= 

er =f > , 

is | 

peenrarsea 
long sight = <> 
Fig. 8.13 Defects of the eye and their correction 
Camera 


Human eye 


light waves 


1.Front lens 
2.Shutter 
8.Lens 
4.Film 


5.Retina 


Fig. 8.14 Comparison of the eye and camera 
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8.4 Spectrum 
INFRARED RADIATIONS 


-arbon-arc lamp or 
If a spectrum produced by a car 

by sunlight is focussed on to the bulb of the 
thermometer, a rise in temperature is seen. 


— thermometer 
blue red infra red 


Fig. 8.14 Sir William Herschel's experiment demonstrates 
the existence of ‘invisible light’ in sun light. 


In 1800, Herschel found that the temperature 
of the thermometer increased progressively to- 
wards the red end and the maximum temperature 
was obtained a little beyond the visible red 
region. Evidently, the radiations from the lamp 
extend beyond the visible region. These radia- 
tions were called infrared radiations and are 
characterised by their heating properties. Their 
wavelengths range from 7500 A to.004m where 
1A =1 Angstrom = 10m. 


The natural source of infrared radiation is the 
sun. Infrared radiations are produced artificially 
by glowers which are filaments of a mixture of 


various oxides, mainly zirconium, thorium or 
cerium, or by a globar which is a rod of silicon 
carbide maintained at a high temperature. Glass 
is opaque to IR-radiations of longer wavelengths 
and so prisms made of quartz or rocksalt are used 
to study them. 


Uses : Infrared radiations are used for long 
distance photography and aerial mapping. Water 
absorbs IR-radiations quite Strongly and so lakes 
and rivers appear black in photographs. They are 
used in chemical analysis from their absorption 
Spectra. 


Ultraviolet radiations 


Atabout the same time that Herschel discovered 
infrared radiations, Ritter found that a photo- 
graphic plate was affected even if it was placed 
beyond the violet end of the visible spectrum. 
These radiations with wavelengths just shorter 
than violet rays were called ultraviolet radia- 


tions. Their wavelengths range from 4000 A to 
100 A. 


The sun is a source of ultraviolet radiations, but 
most of the radiations are absorbed by the earth’s 
atmosphere. Any object that is heated ‘white 
hot’ emits ultraviolet radiations butit is absorbed 
by ordinary glass. Quartz is transparent to UV- 
Tadiations and hence quartz’ bulbs are used in- 
Stead of glass bulbs for UV-radiations. 


Uses : When ultraviolet radiations fall on 
Certain substances, they emit visible light. This 
is called flourescence. This property is used in 
various tests for Many purposes. For example, 
forged documents can be detected as different 
inks flouresce differently. 


UV-radiations have an extensive use in medi- 
cine. They are used in the treatment of tumours, 
Certain skin infections and bone diseases. Short 
wavelength UV-radiations kill bacteria, and 
hence are used to sterilize the air in operating 


theatres, etc. They are also used in the study of 
fluorescence, 
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Basic concepts : 

1. The critical angle of a medium is the angle of incidence in the medium for which the angle of refraction in air 
is 90°. : 

2: Total intemal reflection occurs when the angle of incidence exceeds the critical angle. 

3, A mirage is an illusion formed as a result of total internat reflection. 

4. The action of a camera is similar to that of the human eye. 

5. A convex lens of short focal length forms a simple microscope. 

6. A compound microscope consists of two lenses to give greater magnification. 


7. Atelescope fs used to view distant objects clearly. 
8. Aconcave lensis used to correct myopia or short sightedness and a convex lens is used to carrect long sight. 


© Infrared radiations are invisible and have wavelengths from 7560 Ato.004 m. 
10. Ultra violet radiations are invisible radiations beyond the violet region of the spectrum having wavelengths from 


4000.A and 100 A. 


ps2 


REVISION 


I. Choose the correct answer. 
1. Light is incident from water to air at 30°. The angle of refraction is 
a. less than 30°. b. more than 30°. c. equal to 30°. 

2. The critical angle for water with respect to air is 48°. Lightis incident from water to air at an angle 


of 48°. The angle of refraction is 
a. less than 48°. b. equal to 48°. c. equal to 90°. d. more than 48° and less than 90°. 


3. A person seeing a mirage, really sees . : 
a. areflection of distant objects in water. b. images which are not really there. c. images due 


to reflection from hot sand. d. images due to total internal reflection in air. 


4, In the human eye the image is formed on t 
a. camera. b. the crystalline lens. c. the choroid. d. the retina. 


5, An erecting lens is used in the 
a. simple microscope. b. terres 


microscope. 
6. Two lenses A and B of focal lengths 50 cmand 10 cmare available to construct a telescope, then, 
a. lens A should be used as objective and lens B as eyepiece. b. lens B should be used as 
either A or B can be used as objective or eyepiece. 


objective and lens Aas eyepiece. Cc. 
7. The myopic eye is = 
(a) : (b) 
(c) = (d) : 
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trial telescope. c. astronomical telescope. d. compound 


a. 


11. Fill in the blanks. 


1. Total internal reflection occurs when light travels from a medium to a 
medium. 


2. Total internal reflection occurs when the angle of ircidence is greater than the 


3. When light is incident in the denser medium at the critical angle, the angle of refraction in the 
rarer medium is 


4. The refractive index of a medium expressed in terms of the critical angle is 

5. A mirage is due to i Of light travelling from colder layers of air to 
warmer layers. i 

6. Mirages occur mostly in regions and regions, 


7. The critical angle for glass with respect to air is degrees. 
8. Total reflection prisms are used in 


9. In a camera, the image is formed by a 
10. If the critical angle is C, then p = E 
11. The refractive index of the crystalline lens in the eye is oi 
12. The membrane in the eye containing nerve fibres sensitive to light is called 
13. The point in the eye which is totally insensitive to light is called the 
14. is the ability of the eye to see near and far objects. 
15. The shortest distance within which the eye cannot distinctly see objects is called 
16. The point upto which the eye cannot see distant objects clearly is called 


17. The farthest point upto which the eye can see objects clearly is called the 
18. In anearsighted eye the ima 


lens. 


ge of a distant object is formed the retina. 
19. in a longsighted eye the image of a distant object is formed the retina. 
20. The power of a lens is measured in 4 
21. Forasimple microscope the object should be placed ata distance 
of the lens. 


than the focal length 

22. For a compound microscope both the lenses must be of focal length. 

23. In a telescope, the objective is of focal length and the eyepiece is of 
length. 


focal 
24. In a terrestrial telescope, a third convex lens called the is used. 
Il! State whether the following are true or false: 
1. ei internal reflection to take Place,light should be incident at the critical angle in the denser 
2 For anal of incidence in the denser medium equal to the critical angle, the angle of refraction 
is 90°. 


3. A total reflection prism can be used to 
4. A mirage is nothing but an illusion. No image is actually seen. 
5. The refractive index of warm air is more than that of cool air. 
6. The human eye contains a crystalline concave lens. 

7. The central point on the retina is called the blind Spot. 

8. The myopic eye cannot see distant objects clearly. 

9. A convex lens is used to correct shortsightedness. 


invert a beam of light. 
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is For anormal eye the near point is at the least distance of distinct vision 

i Ina simple microscope, the real image of the object is formed. i 

ia The final image of an object formed in a compound microscope is inverted 

sa ete pe the objective should be of shorter focal lenath. 
. The wavelength of ultraviolet radiation is greater than that of visible li 

15. Infrared radiations are heat radiations. varie 


IV. Problems. 
_ The critical angle for glass is 42°. Find the refractive index of glass. ( Ans. 1.49) 
The refractive index of water is 4/5. Find its critical angle. (Ans. 48.6°) ; 


. Lightis incident on a glass slab at 52°. Ifthe angle of refraction is 30°, whatis the refractive index 


of glass? (Ans. 1.576) 


V. Answer the following questions : 


1. Draw a neat diagram and explain the terms ‘critical angle’ and ‘total int i 
2 femal reflection’ 
are the conditions necessary for total internal reflection to occur? nat 


2. Explain the formation of mirage. 
3. Show by a ray diagram how a right-angled glass prism may be used 
a) to turn a ray through 90°. 
b) to turn a ray through 180°. 
c) to invert a beam of light. 
Describe with a neat diagram 


the prism binoculars. 


4. 
5, Explain with neat diagrams the defects of vision. How can they be remedied 2 
6. Describe with a neat diagram the action of a simple microscope. . 
7. Compare the properties and uses of infrared and ultraviolet radiations. 
8. Draw aneat diagram ofa camera and explain how it works. 
VI. Match the following: 
1. far appears near a. long sight 
2. myopia b. telescope 
3. small appears big c, total internal reflection 
4. shutter d. short wavelength 
5. mirage e. microscope 
6. ultraviolet rayS f. shortsight 
g. retina 
h. heat radiation 
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9. Magnetism — II 


EARTH AS A MAGNET 


The earth behaves like a huge magnet with its 
magnetic poles near the geographic north and 
south poles. Asa result, when a small magnet is 
Suspended by an unspun thread from its centre of 
gravity, it will not be horizontal but comes to rest 
in the direction of the earth’s magnetic field in an 
inclined position. If this suspended magnet is 
taken to the northern hemisphere, the north pole 
N of the suspended magnet will dip more and 
more towards the earth and will be vertical at the 
Magnetic North pole of the earth. Similarly, if 
the same magnet is taken to the southern hemi- 
sphere, the south pole S of the needle will dip as 
Shown in Fig. 9.1 where N-S represents the 
imaginary magnet held at the centre of the earth. 


The lines cf magnetic induction due to the 
earth’s magnetism may be shown diagramati- 
cally as in the figure. 


The magnetic meridian at any place is a ver- 
tical plane passing through the place and con- 
taining the magnetic axis of a freely suspended 
magnet. 


Earth's magnetism - dip and inclination - declination - horizontal component 


The geographic m 
plane passing throu 
axis of rotation. 


eridian at any Place is the 
igh the place and the earth’s 


The angle between the 
and the magnetic Meridian 
magnetic declination at th 


Se0graphic meridian 
ata place is called the 
‘at place. 


nation. 


If we plot the magnetic lines of inductio; 
a paper when no magnets are in the ee on 
number of parallel Straight lines ate obtai oh 
This represents the earth’s Magnetic fig] 4 ned. 
horizontal plane and is called the eas 
component of the earth’s magnetic induction * 
field. ul 


The angles of declination and dj 


Pand the hor; 
zontal component of the earth’s Magnetic in ee 
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dip needles sets 
horizontally 


earth's axis 


earth’s magnetic pole 


Fig. 9.1 The earth as a magnet 


hic meridian 


netic declination 
mag 
meridian 


horizontal 


Fig. 9.2 Declination : Fig. 9.3 Dip 


tion are known as the magnetic elements of a MEASUREMENT OF DIP 


place. The angle of dip is usually measured with a dip 
circle. Anothe. simple apparatus used to meas- 


The three magnetic elements at a place are dia- 
ure the angle of dip is described in Activity 1. 


gramatically shown in the Fig. 9.2 . 
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Magnet free to rotate 
in the vertical plane 


angle of dip 


Protractor 


Ist shadow 
2nd shadow 


magnetic 
meridian 


3. With O as th oe oe 
We the cenire and any radius draw a semicircie . 
4, An hour or 80 before noon keep watching the shadow and when 
tis ce just touches the semicircle mark its position Aon the 
cirele. 


5. Make a similar observation in the afternoon when the shadow 


again just touches the eircle at B. 
? 


6. Remove the rod, you will notice the angle AOB is formed. Bisect 
this angle. The bisector is shown with dotted lines. This gives 
the direction of the geographical north and south (QC). 


7. Place a compass needle at O and mark the position of the poles 
Band F. 
&. Remove the compass needle and join the points EF. 


9. Measure the angle EOC, this gives the approximate angle of 
declination at the place. 


_ Basic concepts 
1, The earth behaves like a huge magnet with ts magnetic north inthe southem hemisphere and the magnetic 
south inthe northem hemisphere. 

| 2 The angle of déctination at aplace isthe angle between the geographic meridian and the magnetic meridian 

at aplace. oe ae : 
3, The angle of dip at a particular: 


_ the horizontal. es 4 : 
“4. Tha horizontal component of the earth's magnetic induotion isthe third magnetic element at a place. 


place is the angle between the direction of the earth's magnetic induction and 


Some investigatory projects/activities 


y 

Push a steel knitting needle through a cork ina 
direction parallel to a diameter ofits ends. Bal- 
ance it horizontally on a U-piece of brass strip 
using pins as an axle (see diagram). Take it off 
the knife edges and magnetize without disturb- 
ing the cork. When itis replaced on the bear- 
ings, one end will be pulled downwards by the 
earth’s magnetic field. The protractor serves to 
measure this angle of ‘dip.’ 
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i i i. u le valve tubing with a pin 
An alternative way of suspending the magnet is to use a reve of cyc 
Chea through it as a supporting axle. Knife edges can be Provided by two postcards held apart 
His corks maintained in position by drawing pins. The position of dip can then be marked with 
a pencil and measured later. 


REVISION 


!. Choose the correct answer. 


1. The angle between the direction of the earth’s magnetic induction is called 
a. declination. b. magnetic meridian. c. dip. d. geographic meridian. 
2. The earth as a magnet can be shown as 


S SS 


(a) (b) (c) 


(d) 


Il. Fill in the blanks. 


1. The dip, declination and horizontal induction are the 

2. The angle between the geographic and magnetic meridians is called 

3. The south pole of the earth’s imaginary magnet is in the hemisphere. 
4. The pole of the magnetic needle dips in the southern hemisphere. 


5. The plane passing through a place and the earth's axis of rotation is called at that 
place. Shy tae 


ata place. 


Ill. State whether true or false. 


1. The magnetic meridian, declination and dip are the ma 

2. The angle between the geographic meridian and mag 
inclination. 

3. The angle of inclination is measured with a dip circle. 

4. The angle of dip is zero at the equator. 

5. The angle of dip is zero at the poles. 


gnetic elements at a place. 
netic meridian is called the angle of 


IV. Answer the following questions: 


1. Define the magnetic elements at a place. 

2. Draw diagrams showing the three magnetic 
3. Describe how you will determine the ani 
4. Describe how you will determine the an 


elements aia plaqce, 
gle of dip in the laboratory. 
gle of declination in the laboratory. 
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10. Electricity 


10.1 Electricity at rest 
1, PRODUCTION 


Everyone is familiar with the fact that if a pen or 
acombmade of certain plastic materials is rubbed 
ona coatsleeve, it attracts small pieces of paper. 
The same effect is noticed when a mirror or 
windowpane is polished witha dry clothina very 
dry atmosphere. Dust and fluff from the cloth 
stick tc the glass and are difficult to remove. The 
phenomenon is called electric attraction and the 


Fig. 10.1 Charging with static electricity 


Electrictiy at rest - production - theory of electrification - electroscope- charge 
density - electricity in motion - voltaic cel! - dry cell and storage battery - Ohm's 
faw- resistance - household circuiting - atomic physics - production of a stream 
of électrons by heat and light - diode vaive. 


rubbed materials are said to have become charged 
with static electricity. This knowledge goes 
back as far as the sixth century B.C. when the 
Greek philosopher, Thales, described the attrac- 
tive properties of rubbed amber. The word 
‘electricity’ has, in fact, been derived from the 
Greek work ‘e/ektron’ meaning amber. 


Two kinds of electricity are developed when 
bodies are rubbed together, i.e., positive electri- 
city and negative electricity. Electricity devel- 


Fig. 10.2 Similar charges repel each other; 
unlike charges attract each other. 
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oped on glass rubbed with silk is positive elec- 
tricity and electricity developed on ebonite rubbed 
with fur is negative electricity. The positive and 


Activity 1: Recall. ee 


4. What does the atom consist of? 


negative electricity are generally known as posi- 
tive and negative charges. Similar charges repel 
each other. Opposite charges attract each other. 


4. Which particles are found in the nucleus? 
_ 3. What is the charge on the nucleus? 
4. What charge does the atom have? 
_ 5. Which particles are outside the nuclets? oe 
_ 6. What can you say about the number of protons and electrons inan 


atom? 


2. THEORY OF ELECTRIFICATION - 
THE ELECTRON THEORY 


You have already learnt about the structure of 
the atom in Class 8. 

How does a body get electrified by friction? 
Tremendous forces are required to separate a 
proton from the nucleus of an atom. However, it 
is quite easy tocause an electron to leave an atom 
Of tomove to another atom. When an ebonite rod 
is rubbed with fur, electrons are transferred from 
the fur to the ebonite and the rod becomes nega- 
tively charged. The fur, having lost electrons be- 
Comes positively charged. Similarly, when a 
glass rod is rubbed with silk, electrons are trans- 
ferred from the glass to the silk so that the glass 
becomes POsitive because it loses electrons and 


the silk becomes Negative because it gains elec- 
trons. Hence, a body which loses electrons is 
Positively charged anda body which gains elec- 
trons is negatively charged. 


3. CONDUCTORS AND INSULATORS 


In some materials (mainly Metals) the orbital 
electrons are so loosely bound that they will 
leave the atom Teadily. In other Substances the 
electrons are so tightly bound to their nuclei that 
they hardly move out of their atom, 


Materials in which the electrons can move 
readily are called conduttors. Substances in 


which the electrons cannot move readily are 
called insulators. 


Activity 2: From the list of materials given below classify the nductors 


and insulators. 
"gold, asbestos, 
g aluminium. : 


4. Electrostatic induction 


If a charged body is placed near an uncharged 
conductor, a separation of charges takes place in 
the conductor. The end of the insulated conduc- 


copper, silver, wood, 


tor which is nearest the charged body is charged 
with the oposite kind of charges, and the far- 
thest end of the conductor is charged with Similar 


kind of charges. This is called electrostatic 
induction. 
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To charge a body positively by induction 


If a body B is to be charged positively, take a 
negatively charged body A (anebonite rod rubbed 
with fur) and bring it close to one end of body B. 
Separation of charges takes place in B. The end 
close to A gets the opposite charge (positive) and 
the end away from A gets a similar charge 
(negative). Now connect the further end of B to 
the earth. This may be done by just touching the 
end with the finger. The negative charges flow 
to the earth. Remove the body A and the earth 
connection (your finger) simultaneously. The 
positive charge spreads over the whole body. 
Thus the insulated conductor B has been charged 
positively. 


ry charged ebonite or polythene rod 


conductor 


insulator 


To charge a body negatively by induction 


If the uncharged insulated conductor B is to be 
charged negatively by induction, a positively 
charged body A (a glass rod rubbed with silk) is 
placed near the body B. The end closer to A gets 
charged (negatively) by induction and the end 
away from A gets positively charged. Connect 
the further end of B to the earth. Negative 
charges flow from the earth to the body and 
neutralise the positive charges. The negative 
charges are ‘bound’ as long as A is present and 
cannot flow to the earth. Remove the body A and 
the earth connection at the same time. The 
negative charge spreads over the whole body B. 
Thus B is charged negatively by induction. 


breif electron 
flow to earth 


Fig. 10.3a. Charging a body positively by induction 


charged glass or 
cellulose acetate rod 
conductor 


free 


electrons 


brief electron 
flow from earth 


[arrest ere ia) 
B 


Fig. 10.3b. Charging a body negatively by induction 
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GOLD LEAF ELECTROSCOPE 


The gold leaf electrosccpe is a very sensitive 
instrument for detecting the charge ona body. It 
consists of a brass disc fixed to a brass rod. The 
lower end of the brass rod has two thin foils of 
gold known as gold leaves. The brass rod passes 
through an ebonite stopper fitted to the neck of a 
glass jar as shown in Fig. 10.4. On the inner wall 
of the glass jar and facing the leaves are two 
Strips of tin foil. The base of the instrument is 
also covered with tin foil. The tin foils are con- 
nected to the earth. The earth is kept dry by some 
fused calcium chloride kept in a dish. 


A schematic diagram of the gold leaf electro- 
scope is shown in Fig.10. 5 . 


calcium chloride 


Fig. 10.4 Gold leaf electroscope 


EXPERIMENTS USING THE GOLD LEAF 
ELECTROSCOPE 


1. To detect the presence of charge : The body 
for which the presence of charge is to be detected 
is brought near the cap of the gold leaf electro- 
scope. If the leaves diverge (move away from 
each other), then the body is charged. Very small 
charges can be detecied with the gold leaf elec- 
troscope. 
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2.To charge a gold leaf electroscope positively: 
This is usually done by induction. Hold a rod 
which is negatively charged, such as an ebonite 
tod rubbed with flannel, close to the brass disc, 


The brass disc which is closer to the rod 
acquires an opposite (positive) charge while the 
gold leaves which are at the other end acquire the 
same (negative) charge. With the charged rod 
still held in place, the disc is connected to the 
earth. The negative charge on the leaves flow to 
the earth. Since there is no charge on the gold 
leaves they now collapse. The charge on the disc 
Temains bound due to the presence of the charged 
tod. The leaves diverge again. Now remove the 
earth connection and then the rod. The positive 


earth 


Fig. 10.5 Schematic diagram of gold leaf electroscope 


leaves diverge 


Fig. 10.6 Detecting the presence of a charge 


— vely charged body 


electron flow 


SE hte ct 
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charges on the disc spread over the whole of the 
brass disc and gold leaves. Thus the electro- 
scope is charged positively. 


3. To charge the electroscope negatively: To 
charge an electroscope negatively, a positively 
charged rod, such as a glass rod rubbed with silk, 
is brought near the brass disc and the same 
procedure is followed as in the previous experi- 
ment. It is to be noted here that the electrons from 
the earth neutralise the charge on the gold leaves. 


4. To detect the nature of charge on a body é 
Take a charged electroscope (say, positively 
charged). Then bring the body close to the brass 


vely charged body 


+ebtet 


+ttt tt 


t+t+ 


break earth connection 
tttt 


Fig. 10.7 Charging a gold leaf electroscope positively 


disc of the electroscope. Since we have taken a 
positively charged electroscope, if the diver- 
gence of the leaves increases, the body is posi- 
tively charged, and if it decreases, the body is 
negatively charged. 

Thus we may conclude that an increase in di- 
vergence occurs when the charge on the electro- 
scope and the body are of the same kind. It 
should be noted here that the decrease in diver- 
gence occurs not only if the body is of the same 
charge as the electrocope, but also if the body is 
uncharged. Therefore, it is always better to test 
the charge of a body by the increase in diver- 
gence of the leaves. 


break earth connection; 


Fig. 10.8 Charging the electroscope negatively 
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+Httt 


+/\+ : 
t/a eo 
a 


+ vely| charged electroscope 


increase in divergence 


decrease in divergence 


Fig. 10.9 Detecting the nature of charge on a body 


ACTION OF POINTS 


By testing conductors of all shapes, it can be 
shown that the greatest charge resides where the 
radius of curvature is the least. The charge per 
unit area of a surface is called its charge density. 
Hence, a point which has a very small radius of 
curvature, accumulates a larve amount of charge. 
This charge does not remain on the point for 
long, for the atmospheric air contains a number 
of positive and negative ions. The ions of the 
same sign as the charge on the conductor will be 
repelled while those of the opposite sign will be 
attracted towards it. If the point is positively 
charged, as shown in figure, the negative ions are 
attracted towards it. And the Positive ions are 
Tepelled in such numbers that an electric wind is 


Fig. 10.10 An electric wind 


formed of ions rapidly moving away from the 
point carrying much of the positive charge away 
from it. At the same time, the ions moving 
towards it, neutralize it, since they are of oppo- 
site sign. Hence, a pointed conductor loses its 
charge quickly. The converse of this is also true, 
i.e., a point also collects charge Surrounding it. 


negatively charged cloud 


electric wid g NC) 
point O>Fte-O 


conductor 


Fig. 10.11 Lightning conductor 


The lightning conductor or li ghtning arrestor 


is based on the above principle. Most clouds; 
especially thunder clouds, are electrically 
charged. If such a charged cloud drifts over a 
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building, the building and the earth around it 
become highly charged by induction. A dis- 
charge (lightning flash) may take place between 
the building and the cloud above, and such a 
large quantity of charge passing through a build- 
ing would damage it. To prevent this a lightning 
conductor is fitted to the building. This is usually 
a thick copper strip fixed to an outside wall, 
reaching above the highest part of the building, 
and ending in one or more sharp spikes. 


The lower end is connected to a copper plate 
buried in the earth. The electric wind created 


near the pointed end of the lightning conductor 
will discharge the building withouta flash occur- 
ring. 


10.2 Electricity in motion— current electricity 


For most of us, electrical energy is supplied from 
the mains, i.e., we just switch ona light or a fan, 
ora T.V. set and we are provided with electrical 
energy. Many appliances such as a torch, a 
transistor set, cameras, get their energy from 
ba :teries or dry cells. 


_ Activity3: A simple cell made from two coins. 

- Lake two coins made of different metals. 

_ Clean them welt with steel wool or fine 
sand paper. Fold some paper towelling or 

_ blotting paper into a pad so that it is 

- slightly larger than the coins. Soak the 

_ blotting paper in salt water. Place one coin — 

_ ontop ofthe pad and the other underneath. 

_ Hoid them between your thumb and finger. 
Connect both leads of a sensitive galva- 

_ nometer to the coins and watch the deflec- 

fon. rrr 


You have already learnt that one of the first You have also learnt about other cells like the 
sources of electrical energy is the simple cell. Leclanche cell and the dry cell. 


Activity 4: Given below are diagrams of several cells. Which of them is 

_asimple cell and which are primary cells? Label the different parts 

' _ ofthe cells, Also state which of them is a Voltaic cell and which ts a 
_ Leclanche cell. — — - aoe 
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“Activity $: Fill in the form given below: 


ADVANTAGE 


Simple 
Daniell 


Leclanche 


Dry 


STORAGE BATTERY 


Apart from primary cells there is another class of 
cells which can be recharged after they have 
been used, by passing current through them. 
They are also known as storage cells or accumu- 
lators. 


The simple accumulator consists of two lead 
plates placed in dilute sulphuric acid. 


For an accumulator to become a source of cur- 
rent, it must be charged. So current from some 
source is passed through it. 


A charged accumulator can be used as a source 
of current. The poles of an accumulator are 
marked + and—. To charge an accumulator, its 


positive pole must be connected t 
pole of the source, and its negati 
negative pole of the source, 


0 the positive 
ve pole to the 


When an accumulator is being charged, the 
electriccurrent does work as a Tesult of which the 
chemical energy of the acc 


umulator increases 
When an accumulator is discharged, its chemical 
energy 18 converted into other kinds of energy in 


the process of work being done by the current 


Besides the lead. 


-acid accumulat i 
} 5 ors, al 
or nickel-iron acc pute 


umulators are also used. 
MEASUREMENT OF CURRENT 
When charges Move free’ 


ly thr 
they constitute an ele Apalings Seg 


ctric current. A charge 
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moves through a conductor only when there 
exists a potential difference between the ends of 
the conductor. The unit in which electric current 
is measured is called the ampere after the scien- 
tist who established the laws relating to the force 
between two conductors when a current passes 


through them. 


In the SI system of units, the ampere is defined 
as the steady current which, flowing in two infi- 
nitely long parallel conductors of negligible 
circular cross-section, placed a metre apart in 
vacuum, produces between the wires a force of 
2x 10-7 newtons per metre length of the conduc- 


tor. 


The amount of charge flowing is called the 
quantity of electricity and is measured by a unit 
called the coulomb. 


A coulomb is the quantity of electric charge 
that passes across a given point in a conductor 
when a current of one ampere flows through for 
one second. 


Let / be the current flowing through a conduc- 
tor for tseconds. The quantity of electric charge 


Qis given by 
Q =I Xt coulombs 


Potential difference is measured in volts. In 
the SI system a voltis the potential difference be- 
tween two points, if the work done in conveying 
1 coulomb of charge from one point to another is 
one joule. 

OHM’S LAW 


As mentioned earlier, for an electric current to 
flow through a conductor a potential difference 
should exist between its ends. Experiments to 
study the relationship between potential differ- 
ence and current flowing were done by George 
Simon Ohm, a physics teacher. He deduced the 
following law which is known as Ohm's law. 


The current passing through a conductor at 
constant temperature is directly proportional to 
the potential difference between its ends. Mf the 


1 R conductor 
acent VAVAVAVAVAVAV a 
<—_-_- v a 


Fig. 10.12 Ohm's law 


potential difference between the two ends of a 
conductor is V volts, and the current flowing 
through it is / amperes, then 


potential difference c< current 


Vie orm) 
or V = IR 


where R is a constant known as the resistance of 
the conductor. 


The above equation can also be written as 


Hence, the ratio of the potential difference to 
the current is the resistance of the conductor 
measured in a unit called the ohm (2). 


In the SI system, the ohm is the resistance of 
a conductor through which a current of one am- 
pere flows when the potential difference 
between its ends is one volt. 


volts Se 
ampere 
V = IR volts 
R EAS ohms 
I 
if i ae amperes 


For practical measurement of different electrical 
quantities for different electrical circuit connec- 
tions, we use resistances of different forms, 
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- peatity 6 Using Ohm’s law , do the following problems: 
+ Calculate the resistance of a light bulb which carries a current 


of 2 amperes when connected to a 110 volt circuit. 
2. What is the resistance of a flash light bulb which carries a 
‘current of 0.50 amperes when connected in series with 46.0 voli 


battery? 


3: How much current does a 36 ohm resistance draw when oper- 


aied on a 120 volt line? 


4A resistance of 3 ohms has a current of 4 amp. flowing through 
it. What is the potential difference applied? j : 


Ans: (1) 55 ohms. (2) 12 ohms. (8) 3.33 amp. () 12 volts. 


BATTERY OF CELLS 


In order to increase the strength of the current or 
of potential difference, cells are sometimes ar- 
ranged in groups, called batteries. There are in 
general two methods of grouping cells, 

1) in series, and 2) in parallel. 


1. Cells in series: Cells are said to be connected 
in series when the positive terminal of the first 
cell is connected to the negative terminal of the 
second, the positive of the second to the negative 
of the third and so on. 


If there are 7 cells in series, and if the internal 
resistance of the cell B is very small compared to 
the external resistance R , then it can be shown 
that the current 

nE 


l= RanB and since B is negligible, 


y = E 
R 
i.e., the potential difference across R is the sum 
of the e.m-fs of all the cells each of emf E 
volts. Hence, the maximum current is obtained 


when cells are connected in series, if the internal 
resistance is low. 


R 
Fig. 10.13 Cells in series 

2. Cells in parallel: Cells are said to be c 

nected in parallel when all the positive tertile i 
are connected together to form a POsitive i : 
and all the negatives are connected EES 
form a negative plate of the battery. Let n tie 
cells each of e.m.f. E volts and internal Tesi = 
B be connected in parallel. It can be sho: an 
the current in the circuit is given by Hie 


nE 


eS RHR 


and if R the external resistance is ve; 


compared to the internal resistance id in as 
nE 
[= B 
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——— 


aac aT ae 


Hence when the internal resistance of the cell 
is large compared to the external resistance R, 


the cells should be connected in parallel to obtain 
the maximum current. 


Fig. 10.14 Cells in parallel 


Activity 7: Draw circuit diagrams showing how 6 cells each of ¢.m.f; 2 
volts may be connected 1) in series, and 2) in parallel in order to pass 


a current through @ resistance R. 


IfR = 2.5 ohms for (1), caiculate the current. 
IfB = .05 ohms for (2), calculate the current. 


RESISTANCES IN SERIES AND PARALLEL 


You have already learnt that when a current of J 
amperes flows between the two ends of a con- 
ductor having a potential difference of V volts, 
then by Ohm’s law, : 

V =JIR 


where R is the resistance of the conductor 
measured in ohms. 


MIVAAY NAAN AY | 


Vv 


Fig. 10.15 Current flowing through a conductor 


Resistances in series: Several resistances are 
said to be joined in series when they are ar- 


ranged so that an electric current flows through 
them one after another. Let two resistances R, 
and R, be connected in series. Resistance R iS 
connected between the points A and B, and 
resistance R, is connected between B and C. Let 
V, be the potential difference across R , and V, be 
the potential difference across R,. Then by 


: 


Vos eee 


! 1 

1 1 

' H 

1 

(ee, SA V2 
1 

1 

1 

1 

« 


Fig. 10.16 Resistors in series 
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Activity 6: Using Ohm’s law , do the following problems: 


i Caiculaie the resistance of a light bulb which carries @ current 
of 2 amperes when connected to @ 110 volt circuit. 


- 2. What is the resistance of a flash light bulb Which carries a 
current of 0. 50 amperes when connected t in series with a 6.0 voli 


battery? 


83.How much current does a 36 bhi resistance draw when oper=. 


ated on a 120 voit line? 


oa: So resistance of 3 ohms has a current of 4 amp. p flowing through 
: . What is the potential difference applied? 


Ans: (1} 55 ohms. (2) 12 ohms. (3) 3.33 amp. 6 12 volts, 


BATTERY OF CELLS 


In order to increase the strength of the current or 
of potential difference, cells are sometimes ar- 
ranged in groups, called batteries. There are in 
general two methods of grouping cells, 

1) in series, and 2) in parallel. 


1. Cells in series: Cells are said to be connected 
in series when the positive terminal of the first 
cell is connected to the negative terminal of the 
second, the positive of the second to the negative 
of the third and so on. 


If there are n cells in series, and if the internal 
resistance of the cell B is very small compared to 
the external resistance R , then it can be shown 
that the current 


nE < . Pan 
T= Rene” and since B is negligible, 
nE 
R 


Tice 


i.e., the potential difference across R is the sum 
of the e.m.fs of all the n cells each of emf E 
volts. Hence, the maximum current is obtained 
when cells are connected in series, if the internal 
resistance is low. 


R 
Fig. 10.13 Cells in series 
2. Cells in parallel: Cells are 
nected in parallel when all the aes 
are connected together to form a Positiv. a 
and all the negatives are connected to nie A 
form a negative plate of the battery, Late ane 
cellseach ofe.m.f. E volts and internal r aaa 
B be connected in parallel. It¢ lance 


‘i _ an be 
the current in the circuit is aiven by hown that 


aS 
B+nR 
and if R the external resistanc, 


ei 
compared to the internal resis S very small as 


tance B, then 
nE 


LS 
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Hence when the internal resistance of the cell 
is large compared to the external resistance R, 


the cells should be connected in parallel to obtain 
the maximum current. 


Fig. 10.14 Cells in parallel 


Activity 7: Draw circuit diagrams showing how 5 cells each of e.m.f, 2 
volts may be connected 1) in series, and 2) in parallel in order to pass 


a current through @ resistance R. 
2.5 ohms for (1), calculate the current. 
.05 ohms for (2), calculate the current. 


IfR 
IfB 


RESISTANCES IN SERIES AND PARALLEL 


You have already learnt that when a current of J 
amperes flows between the two ends of a con- 
ductor having a potential difference of V volts, 
then by Ohm’s law, 

V =IR 


where R is the resistance of the conductor 
measured in ohms. 


VV No 


Vv 


Fig. 10.15 Current flowing through a conductor 


Resistances in series: Several resistances are 
said to be joined in series when they are ar- 


ranged so that an electric current flows through 
them one after another. Let two resistances R, 
and R, be connected in series. Resistance R, is 
connected between the points A and B, and 
resistance R, is connected between B and C. Let 
V, be the potential difference across R, and V, be 
the potential difference across R,. Then by 


Fig. 10.16 Resistors in series 
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Let R be the effective resistance between A 
and C, then the potential difference between 
them V = JR. The total potential difference V is 
the sum of the individual potential differences, 
he: 

V=V, + V, 

Substituting values of V, V, and V,, 

IR = IR,+ IR, 
orR =R, + R, 

Thus, the effective resistance of two resis- 
tances in series is equal to the sum of the indivi- 
dual resistances. If there are n equal resistances 


R connected in series, then the effective resis- 
tance will be 


R+R+R....ntimes =nR 


Resistances in parallel Resistances are said to 
be connected in parallel when one end of each 
resistance is connected to one point, and the 
other end of each resistance is connected to 
another point. (Fig. 10.17). The current /, on 
entering at A, splits into two parts /, and J, which 
join up again at B to give J. 


Hence, 


Let V be the potential difference between the 
points A and B. Then, by Ohm’s law, if the 
effective resistance between A and B is R 


V = IR also,V = LR, andV = 1, 


Or, fe AS 
R 
Ags as 

I= Rand eae 

Substituting in (1), 
T=1,+1, 

pV io VV 
RRR eERS 
Tee CT eel 

2 a TAN 


Or, when resistances are connected in paral- 
lel, the reciprocal of the effective Tesistance is 
equal to the sum of the reciprocals of the indivi- 
dual resistances. If n resistances of Tesistance R 


are each connected in parallel, the rec} 
; 5 ecipr 
the effective resistance is eat 


I , 
Rot Rot times 
Se 
iS R 
ar 
R 
.. Effective resistance = R 


n 
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Example 1: Find the effective resistance of two 
resistances of 2 ohms and 3 ohms when they are 
connected in (1) series and (2) parallel. 


(a) R, = 2 : R, = 3 
R=R, +R, =|24+3= 5 
RR RIG URS 
RR, 2x3 6 
or R = == Sa 
R, +R, 2+3 5 

=P LOG) 


Example 2: Two lamps of resistances 30 ohms 
and 20 ohms are connected in series in a 10 volt 
circuit. Calculate 1) the total resistance, 2) the 
current in the circuit , 3) the voltage drop across 
each lamp. 

(a) R=R 


(b) V = 110V, R = 50 Lo=aa 


(Cany,, —uRY o VeD=IRA 
= 22x30 = 22x20 


V, = 66 volts V, = 44 volts. 
be phe 


IES an 
ST TaN ah WR 110 V ——_—_—_—_——__> 
HOUSEHOLD CIRCUITING 


Electrical cables or wires run through the whole 
house but all we can see are switches, sockets 
and cable ends for various appliances. 


Fuses: Electric current is widely used in our 
homes. It can be very dangerous if used care- 
lessly or incorrectly. 


In designing any electrical circuit, care must 
be taken to ensure that no circuit carries too 
much current, as otherwise the conductor will 
get overheated. The heat developed is directly 
proportional to the square of the current. Hence, 


4 tivity 5: Find out where the fuses arein your home and, with the help 
_ ofan adult, identify the fuse wire in them. Are there. any ¢ other types 
of fuses? How are they different from this one? : 


fuse wire 
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Activity 10:F ind out which appliances in your home have three-pin plugs. 
Examine the three pin plug of (say) the electric iron. Loosen the screw 
at the centre and remove the cover. Compare the placement of wires 
with this diagram and identify them. 


(A 


black/blue 
to neutral 


the wire should be able to carry the given current. 
To prevent fires on large currents through cir- 
cuits, fuses are put in as safeguards. Each fuse 
consists of a length of metal alloy with a low 
melting point, such as tinned copper, placed into 
a porcelain carrier. If an excess current is drawn, 
the fuse wire will melt instead of harming the rest 
of the circuit. 


Most electrical appliances, wires, etc. are 
placed in a protective covering called the hous- 
ing. In an electrical appliance, it is possible for 
a wire to work loose and touch the material of the 
housing. If the housing is then touched, current 
could flow via the body to the earth. Such 
accidents could be fatal. In order to avoid this 
danger, the leads to most appliances have three- 
core cables. This is attached to a three-pin plug. 
Two cores, the blue and the brown, feed the 
electric current to the appliances. The green 
connects the housing of an appliance directly to 
the earth. If current flows in the housing, it flows 
along a good conductor via the plug to the earth 
giving protection to the user. 


green/yellow to earth val 


brown/red live 


THE WIRING SYSTEM OF A HOUSE 


The figure 10.20 shows a simplified picture of 
the wiring system in a house. The electrical 
supply from the power station is transformed to 
the correct voltage (240 V) ata local sub-station. 
It then travels underground to the house. The 
electricity board has its own meter at this point. 


If a serious fault in your house causes all the 
fuses to blow, you will have to call an electrician 
from the electricity board to repair this, Next, 
examine the meter and the main switch. The 
largest box is the fuse or distribution box where 
each separate circuit has its main fuse, and is 
linked to the earth for safety. The figure shows 
three different circuits, though most houses have 
more than this. The lighting circuit uses the least 
electricity. Usually, itis wired and fused to take 
a maximum of 5 A, and may not be earthed. The 
power circuit in modem installations is called a 
ring main. This is because, as the diagram 
shows, each of the wires— live, neutral and 
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earth— make a ring or circuit. Each socket is 
simply connected between the wires at the right 
place. Since this circuit needs to include heaters 
rated upto 3 kilowatts it is wired and fused for a 


maximum of 30 A and 13 A at any plug. Note 
that all points and lights are wired in parallel. 
The electric cooker has its own circuit because it 
may require upto 30 A. 


cooker 
circuit 


Fig. 10.18 Wiring system of a house 


Activity 1: Do this simple experiment to find out why electrical 
circuits in houses are in parallel and not in series . 


Take two flashlight bulbs with sockets and connect them first asin 
(a) in series, and then as in (b) in parallel, with a cell or battery as 
shown. Imagine each bulb to be a household appliance and the 


battery the main supply. 


(a) 


(b) 


1S 


1. Note the brightness of the bulbs when connected as in (a). © 
2. Remove one of the bulbs in (a). Does the other bulb glow? 
3. In our homes, ifone appliance does not work; will we be able to use 


the others? 


4, Note the brightness of the bulbs when connected as in (6) and 
compare the brightness with (a). 

5. What does a change in brightness signify? : 

6. Remove one of the bulbs in connection (6). Does the other siilj burn? 

7. If one appliance gets out of order can the other be used? 

8. Which.type of connection is preferable for use in homes? 


10.3 Atomic Physics 


You have already learnt from the discharge tube 
experiment that cathode rays are nothing but a 
stream of fast moving electrons, There are other 
ways of obtaining a stream of electrons. 


1. BY HEAT 


a. Cathode-ray tubes : If some substances are 
heated strongly, they give off (emit) electrons. 
This is called thermionic emission of electrons. 
If this stream of elections emitted by heat is to be 
made to flow, it must be attracted by some 


CP hot cathode 
a 


gun 


X -plates 


vacuum 


fluorescent Screen 


positive plate called an anode. The discharge 
tube which is modified so that the stream of elec- 
trons is produced by thermionic emission is 
called a cathode ray tube, The anode is placed 
Close to the hot cathode and the two together are 
teferred to as an electron gun. By means of two 
Sets of plates, the beam of electrons can be de- 
flected in either vertical or horizontal directions. 
These are called the X-deflector and the Y- 
deflector plates. Our TV receiver tubes are 
cathode ray tubes, one face of which is coated 
inside with some fluorescent material. 


aerial 


Fig. 10.19 Cathode ray tube 
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Radio waves carrying the television signals 
are passed through the receiving aerial causing 
varying currents to flow through the hot cathode 
of the receiver. The number of electrons emitted 
from the cathode depends on the current flowing 
throughit. This varying current electron beam is 
made to scan the fluorescent screen by the de- 
flector plates producing fluorescence of varying 
intensities which forms the picture. 


Examine Fig. 10.19. It is a diagram to show 
the action of a cathode ray tube. 


b. Diode valve : Another device that makes use 
of thermionic emission of electrons is the diode 
valve (diode meaning two electrodes/ Fig. 
10.20). ‘shows the structure of a simple diode 
valve. 


This contains the cathode which is heated 
electrically and the anode, both enclosed in an 
evacuated glass bulb. When the cathode is 
heated, it emits electrons which are attracted 
towards the pores anode. Why? 


Find out why it is called a valve. 


Since current flows only when the anode is 
positive, i.e., in one direction, the diode is used 
as a rectifier, i.e., it converts alternating current 
to direct current and also as a detector, i.e., it 
separates the audiowaves (audio frequency radio 
waves) from the carrier waves (high frequency 


radio waves). evacuated glass bulb 


heated 
cathode 


anode 


= - 
Fig. 10.20 Diode valve 


‘Activity 12: Given below is a diagram showing the construction of a 
ue Compare it with Fig 10. 23 es label the parts. 


i[t] 
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2. BY LIGHT 


About one hundred years ago, scientists found 
that when ultraviolet radiations fall on a zinc 
plate, electrons are emitted from the surface of 
the zinc plate. Thus electrons were shown to be 
emitted when light falls on certain substances. 
This is called photo-emission of electrons. 


It was later discovered that alkali metals, so- 
dium, potassium and caesium, are sensitive even 
to ordinary visible light. Photo-electric current 
is obtained from a photo-electric cell which con- 
sists of a glass tube having a positively charged 


glass bulb 


anode at its centre which attracts electrons. The 
fate of emission is proportional to the amount 
and nature of light falling on the metal. 


Uses of photo-cell: The photo-cell has several 


useful applications, a few of which are given 
below : 


1. in control circuits which are used for open and 
close doors, 


2. in burglar alarms, 
3. to control dangerous machinery, and 
4. to reproduce sound for motion pictures. 


™ vacuum 


cathode-light sensitive 


Fig. 10.23 A photo-electric cell 


: Basic concepis : 


a According to the cece theoy, a bedy becomes charged it it gains < alve char I 
der sedans Ee 0°) or loses (positive 


: zara eka cn noe ancalescion ashi er aay 
_. thove are called insulators. 


: 3. The gold leaf electroscope i is an ‘isbument for detecting the presence and nature of charge on a body. 
4, Lightning arrestors are based on the principle of the action of points. 
: . The flow of electric charge constitutes an electric current. 
6. The Voltaic call is a simple cell while Leclanche and Daniel cells are primary cells. 
os Lead-acid accumulators and  nickel-iron accumulators are secondary cells or storage batteries. 
8. The units of measurement of 


current at ss amperes 
_ potential difference. ae volts 
electric charge, = coulombs 
fesistance a e ohms 


9. If two resistances are connected | in series, their effective resistence Re R, + R,. 
x 10. Hf two pesiens are connected i in paraltel, their effective resistance Ris given by 
1 1 1 


Se ae op 


RoR OR 
11. Fuses are used as salequards to prevent large currents or fires. 
12. The household wiring system has all the points and lights wired in parallet. 
19. Cathode ray tubes are based onthe principle of thermionic emission of electrons. 
14. Diodes are based on thermionic emission of electrons. They are used as rectifiers and detectors. 


~ 45. When light waves of certain frequency fall on certain metals, electrons are emitted. This is known as photo- 
_ electric emission of electrons. 


Some suggested projects/activities 


1. Connec! one wire from a sensitive galuanometer to a piece of zinc cut from the can ofa used dry 
cell. Connect the other wire to a piece of copper. Rolla lemon on the table, pressing it with your 
hand to break up some of the tissue inside. Push the two metal strips through the skin of the 
lemon, making sure they do not touch (see diagram). Observe the needle. 
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Try this experiment using a potato. Does the distance between the plates affect the meter reading? 


Electricity from a lemon Aaianesuner 

2. A simple switch can be made by fastening the end of a piece of bell wire to a pencil with two | 
rubber bands as shown in the diagram. A second wire spliced under it makes a suitable con- 
nection. 


3. Push the ends of two pieces of bell wire through a flat 
cork that fits a small bottle. A suitable flat cork can 
be made by cutting off the end of a longer cork, ora 
two-hole rubber stopper may be used instead. Wind 
the ends of a strand of very thin iron wire around the 
projecting ends ofthe copper wires and insert the cork 
into a bottle (see diagram). The result will serveasa 
crude model ofan electric lamp. Connect the electric 
lamp model into a circuit with one or more dry cells 
and a switch. Close the switch until the fine wire 
(filament) begins toglow, then open the switch again. 


With care, the lamp can be lighted several times 


before the filament is consumed, but finally the heated 
iron wire combines with the 


oxygen of the air inside 
the bottle and burns away. 


Why do commercially 


made lamps burn for a longer 
time? 


REVISION ’ 


~ 


. Choose the correct answer. 


= 
a 
5 
ry) 
| 
o 
= 
s 
= 
G 
= 
3 
= 


2. If a current of 0.1 amperes flows through a resistance of 10 ohms, the ial di i 
: otential 
a. 1 volt. b. 100 volts. c. 0.01 volts. : Tae 
3. Ina resistor, ‘ 
a. volts x ohms = amperes. 


ohms 


- Volts = amperes. 
volts 
rane amperes. 


4. Tne charge density of a conductor is most 
a. when the radius of curvature is large. b. at pointed ends. c. on the plane surface. d. what- 
ever the shape. 
5. The Leclanche cell is a 
a. storage battery. b. simple cell. c. secondary cell. d. primary cell. 
6. When two conductors are connected in parallel, the effective resistance 
a. increases. b. decreases. c. remains the same. d. none of the above. 
7. The cathode ray tube is based on 
a. thermionic emission. b. electrostatics. c. Ohm's law. d. photo-electric emission. 
8. By touching a positively charged body with the hand 
a. the positive charges flow to the earth. b. negative charges flow from the hand to the charged 
body. c. negative charges flow from the hand to the body. d. negative charges flow from the 
earth to the body. 
9. The gold leaf electroscope is used for 
a. producing electric charges. b. storing electric charge. c. detecting electric charge. d. charging 


a body. 
10. When anegatively charged body is brought near the disc of a negatively charged electroscope, 


the leaves 
a. diverge more. b. come together. c. remain in the same position. 


141. The end of a lightning conductor should be 
a. rounded. b. pointed. c. of any shape. 


IL Fill in the blanks. 


electrostatic induction the end of the conductor nearest to the charged body is charged with 
kind of charge. 
2. If a charged body is brought near the disc of an uncharged gold leaf electroscope, the leaves 


1. In 


3. An in divergence occurs when the charge on the electroscope and the body are of the 
same kind. 

4. An is created around a pointed charged conductor. 

5.A is a method of storing a large quantity of electricity in a small space. 

6. Ohm’s law tells us how the current in a conductor depends on the applied and on the 


of the conductor. 
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7. According to Ohm’s law, the formula for 


current = (in words). 
| = (in symbols). 
amperes = (in units). 


8. A resistance of 2 ohms is connected to a source of 4 volts, 


the current flowing is 
amperes. If connected to a source of 1 volt, the current is 


amperes. 
9. The Voltaic cell is a" cell. 

10. The Daniell cell is a cell. 

11. The lead acid battery is a cell. 


12. If 5 cells each of e.m.f. 2 volts is connected in Series, the combined e.m4. is 


13. If two resistors are connected in , the effective resistance decreases. 


14. If two resistors are connected in 


, the effective resistance increases. 
15. 


are used as safeguards in the electrical wiring of a house. 


16. In a three pin plug, the wire is connected to the earth. 


17. In households, all the points and lights are wired in 
18. The diode is based on the Principle of 


emission of electrons. 
19. 


are used in burglar alarms. 
lll .State whether the following are true or false: 


- A body charged by induction has the Same sign of charge as the charging body. 

. Ifa charged body is brought near a second body, the second body is charged by conduction. 

. Two oppositely charged bodies attract each other. 

. Substances which allow electri through them are called conductors. 

. A lightning rod must have no Connection with the ground 

. The charges on a body are concentrated on that part of the body which has the greatest 
curvature. 


Oarwn— 


11. The combined resistance of 4 ohms and 4 ohms in Parallel is 1/2 ohm. 
12. When three resistances are combined in parallel the Potential across each is the same. 


IV. Answer the following questions briefly: 


1. How will you charge a body by conduction? 
2. Explain the ‘action of Points.” 

3. How will you detect the nature of char 
4. How will you use the scope to detect th 
5. State and explain Ohm's law. 


6. Find the effective resistance of two resistances in series. 
7. Find the effective resistance of two resistances in parallel. 
8. Discuss how cells can be connected in series. 
9. Discuss how cells can be connected in parallel. 
10. Write short notes on 
(a) fuses. (b) three-pin plug. (c) photo-cells. 


V . Answer the following questions in detail: 


1. Explain how you will charge a body negatively by induction. 

2. Describe a gold leaf electroscope. How will you charge it positively? 

3. Explain the action of a lightning arrestor. 

4. Describe the storage battery. 

. Give a brief account of the household wiring system. 

. Describe a cathode ray tube. How is it used in television sets? 

. Describe the construction and action of a diode valve. What are its uses? 
. Discuss the principle, construction and uses of the photo-cell. 


ONaOa 


VI. Problems: 


1. Whatis the current that a 6 volt battery supplies when it is connected to a resistance of 2 ohms? 


(Ans. 3 amp) , 
2. When a 200 ohms resistance is connected to the mains, the current is 1.15 amps. What is the 


mains voltage? (Ans. 230 v) : ; 
3. Three resistances of 22, 3 Q, 4, are connectedin a) series and b) parallel. Find their combined 


resistance in each case. (Ans.a.9Q b.0.92Q ) As 
4. Two lamps of resistance 50 @ and 40 Q are connected in series in a 110 volt circuit. Calculate 


(a) the total resistance, and (b) the current in circuit. (Ans. a.900  b. 1.22 amp.) 
5. If two lamps of resistance 20 Q and 4 are connected in parallel in a 110 volt circuit, determine 
a) the effective resistance of the circuit, and b) the current through each lamp. (Ans. a. 13.3 b. 


5.5amp. 2.75 amp.) 


VII. Match the following: 


reproduction of sound 


1. diode valve a. i 
¥ b. detection of charge 
; Se c. Daniell cell ; 
4. cathode-ray tube i ees! Do 
5. gold leaf electroscope Se Be colesion 
g. three-pin plug 
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Observations : 
|. DETERMINATION OF LEAST COUNT 


Value of 1 main scale division = 


alk a mm. 
Number of divisions on vernier I Ae div. 
Length of vernier Sr ee mm 
Value of 1 vernier scale division ES ii eens mm 
Least count = 1M.S.D.—1 V.S.D. 

MRT A) cee, TM =k cm. 


I. DETERMINATION OF ZERO CORRECTION 


Zeroeror = div. 


Zero correction = 


[Refer Chapter 1 for Calculation of least count and zero error.] 
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PRACTICALS 


EXPERIMENT 1: Vernier Callipers 


Aim of the experiment : 1. To find the volume of a cuboid. 2. To fi 
: ; ule nies ind the ai 
cuboid. 3. To find the surface area and volume of a cylinder. ree Froese othe 


[For description of callipers and determination of least count and zero correction see Chapter 1 
page 3& 4 J. oie 


Apparatus required : Vernier callipers, a cuboid such as a glass slab, a cylinder. 


Formulae used : 


1. Volume of acuboid V = /xbxh 
where 1 = length of cuboid 
b = breadth of cuboid 
h = height of cuboid. 


2. Area of one face A = /xb. 


3. Volume of acylinder V = rh 
where = = 22/7 
r = radius of cylinder 
h = height of cylinder 


4. Surface area of sides of cylinder 
A = 2nrh 

Procedure : A. CUBOID — VOLUME AND AREA 

1. First determine the least count and the zero error of the vernier callipers and write their value: 

as shown on the page on the left. ° 
2. Place the glass slab between the jaws of the vernier Callipers so that it is firmly gripped 
3. Note the reading on the main scale upto the zero of the verni is Gi ‘ 

Sane p mier scale. This gives the main scale 
4. Note the division of the vernier coinciding with a main scale divisi iti 

ian vision and enter it into the tabular 
5. Find the total reading as shown M SR +(VC xLC), 


6. Cary out the zero correction if any. 
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i. DETERMINATION OF VARIOUS LENGTHS: 


Main Scale Vernier 
Dimension Reading |Coincidence 
cm div 


VCx LC | Total Reading 
MSR + (VC x LC) 
cm 


Total Reading 
Zero correction 
cm 


Cylinder 


Breadth 
Height 


Diameter 
Height 


Cylinder Cuboid 


Average values 
cm 
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7. Repeat the above procedure twice placing different parts of the slab between the jaws. 
8.\Repeat steps 2 - 7 to calculate the breadth and height of the slab. 


9. Calculate the volume of the cuboid after finding the average |, b and h. 


B. CYLINDER — VOLUME AND AREA 


cedure by placing first the diameter of the cylinder between the jaws and 


Repeat the above pro 
as before. 


then the length. Tabulate your readings 


Calculations 
|. Volume = Ixbxh ce 
= ph Gf melt me 
Area of one face = Ixbsq.cm 
é sree Te m 
Volume of cylinder = ah 
r diameter 
2 
Surface area of cylinder = 27th 
i iE ue eres cc 
Result: 1. Volume of the given cuboid 
Uy Can tmsse sq.cm 
2. The area of its face 
i Ame wh [Fein cc 
3. The volume of the cylinder 
eens sq.cm 


4. The surface area of the cylinder = 
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Observations : 


|. DETERMINATION OF LEAST COUNT Pitch 


Least Count = Saye 
No. of divisions on head scale 


Value of 1 pitch scale division Se rete mm 


Number of divisions on the head = ........ 


Number of rotations given = FF seeeteee mm Uo ae m 
Number of divisions moved on 
pitch scale 5 Set mm Il. DETERMINATION OF ZERO ERROR 
Pj Distance moved 
itch = No. of rotations Zeroemor = ......, div. 
TN ag 2, eT mm Potrero mm 
00. Gheootente m Zero correction =...” mm. 


' Pitch Scale Head Scale | Total Reading (TI 
coincidence | Reading HSC PSR + (HSC. fi a Corrected 
(PSR) mm div ain 


Average diameter of lead shot 


i] 
= 
3 


” = sereeeee M. 
Note : Instead of lead shots the thickness of a thin glass plate may be determ; 
: ined, 
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EXPERIMENT 2: Screw Gauge 


Aim of the experiment : To measure 
(i) the diameter of a wire, 


(ii) the diameter of a lead shot using a screw gauge. 


Apparatus required : Screw gauge, 2 small length of wire, lead shot. 


Procedure : 


1. First find out the pitch of the screw and calculate its least count. 


2. Next examine the screw gauge for zero error and determine the zero correction as described 
in the text. 

3. Then rotate the screw backwards and insert the object (wire) in the space between the plane 
surfaces. 

4. Rotate the screw till the wire Is gently gripped between the two faces and the ratchet starts 

slipping. 

|5. Note the complete divisions on the pitch scale (PSR). 


e head scale coincid 
the opposite page and carry out the zero correction. 


ing with the ref i 
6. Note the division on th sg reference line (HSA). 


ading as shown on 


7. Tabulate your re 
at 5 different places of th 


8. Repeat the above procedure e wire and fine the average diameter. 


t replacing the wire with a lead shot. 


9. Repeat the experimen 


Result: 
sis) (pete 7 Peewsence mm 
1. The diameter of the wie 
By oes m 
2. The diameter ofthegiv@7 Part 
lead shot x 
m. 
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Observations : 


Load in pans Turning points 


Mean of i Correct 
turning points i mass of the 
body gm 
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EXPERIMENT 3: Physical Balance 


Aim of the experiment : To measure the mass of a body correct to a centigram using a physical 
balance. 


Apparatus required : A physical balance, a weight box including fractional weights, the object to be 
weighed such as a glass stopper. 


Procedure Z 


1. Observe if the balance is level. If not, adjust it by working the screws at the base till the plumb 
line hangs centrally over the index. 


2. Gently turn the handle to the right so that the beam oscillates. The beam should oscillate 
almost equally on both sides. 


3. To find the zero resting point note down five consecutive turning points, three on the left and 


two on the right. 


4. Find the mean of the three ‘left’ turning points and the mean of the two ‘right’ tuming points. The 
mean of these two is the zero resting point — (a). 


5. Place the given body in the left pan and weights in the right pan so that the pointer swings nearly 
equal number of divisions on both sides. 


6. Now find the resting point again. Letit be (b). 


‘ n (a), add 10 mg to the weights in the right pan and again find the resting point 
Ue fe i ries ia (a) then remove 10 mg and find the resting point (R.P) again (c). 


F sting pointis closer to (a). The weights in the left pan corresponding to that resting 
8. oon ee wight of the body correct to a centigram. 


ight of the given body correct to a coentigram)) 1) = 9k... gm 


Result ; The wel 
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|. DETERMINATION OF THE RADIUS OF THE BOB 


Reading on metre scale of istfaceofblock = _........ cm (a) 
Reading on metre scale of 2nd block =e NY 25-2 08 cm (b) 
Diameter of block d = (b) — (a) 

hy ce cm 
Radius of block r = d/2 

Sh eh cm. 


iL DETERMINATION OF TIME PERIOD. 


Mean //72 


Calculations: 


mean /J? = 
g 


4xrx VF 
4x (3.142 x ye 


on 


nou 


EXPERIMENT 4 : Simple Pendulum 


i the expe iment : determin e of g,the accele! 
Aim of J nt: To e the valu g i ravi 
f Ki acceleration due to gravity using a simple 


Appa ‘atus requii ed : Metal bob, thread it cork, sto {el re 
re lf cs o , stand, split rk, 
: i pli , stop clock, metre scale, blocks of wood 


Formula used : The acce i ity is gi 
awe leration due to gravity is given by the relation 
TP 
where / = length of the pendulum and Tis the time period of oscillation of the pendulum 


Procedure: 


. e the diamete! t p ingi pi 10 
1. Measur rofthe bob by lacing it between the parallel faces oftwob! 

( ) ; ig lel locks. Calculate 
ai Suspend the bob with the thr ead between the two pieces of split cork from the clan 1p inthestand 


read so that the distance between the point of suspension and 


3. Now adjust the length of the th 
) cm. This makes the length of the pendulum to be exactly/60 


the lower end of the bob is (60 + 
cm. 

4. Now displace the bob by pulling it gently to one side and find the time for 20 oscillations. To do 
this either clamp a pointer beneath the bob or make a mark wiih a chalk beneath it when it is at 
rest. As the bob crosses the mark in a particular direction — say left to right, start the stop clock. 
When the bob next crosses the markin the same direction from leftto right count one. Ina similar 
way count 20 oscillations and stop the stop clock as soon as you count 20. Note the time for 20 


oscillations. 
5. Repeat the procedure for thi 


6. Nowalter the length of the pendulum 
the time for 20 oscillations in each case. 
abular form and calculate the time for 1 oscillation, T. 


e same length. 
to 70, 80, 90, 100, 110, and 120 cms successively finding 


7. Record your observations in the t 


8. Find 7? and / T* and enter the values in the tabular form. 


‘ormula 4n21/ T? and calculate ‘g’. 


9. Find the mean I/ T 2 and substitute this value in the f 
d T2 onthe y- axis. 


10. Plot a graph of tagai 
41. From the graph find the length of a seco! 


nst T2 taking /on the x-axis an 
nds pendulum, i.e., for T = 2sec. 
ue to gravity is = 


Result : 1. The value of the acceleration di 


2. The length of the seconds pendulum 
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Water 


=|- — — common level 


Height of liquid 
column (h,) 
cms 


Height of water 
column (h,) 
cms 


Calculations : 


repeat this for all five readings. 


2. Find the mean of h,/ h, 
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EXPERIMENT 5 


re of the experiment : To determine the relative density of a liquid immicible with water such as 
erosene. 


Apparatus required : A U-tube fixed or clamped to a stand, a half metre scale, a beak 
beaker of water. b er of kerosene, 


Forumula: Relative density of liquid is given by 


RD = height of water column 
~ height of liquid column 


Procedure : 
1. Fix a U-tube to a stand. 


2. Put a few drops of red or blue ink into the water in the beaker and pour it into the U-tube. 


3. Now pour the kerosene, into one limb, using a small funnel so that the water, partly fills both 


the limbs. 


4, Mark the common level on both the limbs, 
and water above the common level and tabulate your 


using a ruler as a reference. 


5. Measure the heights h, and h, of liquid 
readings. 


6. Repeat the experiment for different amounts of water and kerosene. 


Result : The relative density of the given Hiquid = eeseeeee 
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weight of solid in water 


Note : 1 cc of water weighs 1 gm. 


i al. T 
Inference : Since W, < W, the values in columns A and B are equ hus A\ 


verified. 
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volume water 
water displaced 


Volume 
Water 


displaced 


cc 


spring balance 


of Weight of 
Water 

displaced 
gm 


rchimedes Principle is 


EXPERIMENT 6 : Archimede's Principle 


Aim of the experiment To verify Archimedes Principle. 
Apparatus required : A spring balance, metal cylinder, overflow jar, measuring cylind 
, er. 


Archimede's Principle : Whenaboay is wholly orpantially immersed in a liqui 

i : in aliquidit 

weight. The apparent loss of weight of the body is equal to the weight ee pte A A ie are 
yy it. 


It can be verified that, 


loss of weight in liquid = wt. of liquid displaced. 


Procedure : 
1. Suspend the cylinder from the spring balance and note its weight. 
2. Fill water upto the spout in the overflow jar and place a measuring jar beneath the spout when 


drops of water cease to come out from the spout. 
3. With the cylinder still suspended from the spring balance lower it into the overflow jar and note 


the weight. 
4. Remove the measuring jar 
5. Repeat the experiment five times: 


rom beneath the spout and note the volume of waterin the cylinder. 
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Observations : 


Angle of reflection 


180 


EXPERIMENT 7 : Laws of Reflection 


Aim of the experiment : To verify the laws of reflection. 


Apparatus requied : A plane mirror strip, white paper, drawi F 1 
protractor. P paper, drawing board, board pins, paper pins, 


Laws of reflection: 1. The angle of incidence is equal to the an i inci 
! , an gle of reflection. 2. Th 
the normal at the point of incidence and the reflected ray all lie in the same plane. aaa tats 


Procedure : 


1. Fix the paper on the drawing board with the board pins. 
2. Draw lines AB and CD onit. 
3. Draw normals O,N,, O,N,,O,N,,0,N,, O,N,, as shown. 


4. Draw the direction of incident rays /,O,, 1,0,, 1,0,, 1,0,, !;0,, at angles of 20°, 30°, 40°, 50° 


and 60° with the normals respectively. res 


5. Place the mirror at O, with its reflecting surface towards the line /,O, andits plane perpendicular 
to AB. 
6. Fix two pins Pand Qonline /,O, ata distance of about 4 cm. 


7. Place two other pins Rand S so that the images of P and Qin the mirror P’ and Q’ and Rand 
S appear tobe in the same straightline. (When viewing through the mirror only the pin S should 
be visible, R, P’ and Q! should be exactly behind it. ) 


8. Remove the mirror and pins and join RS and produce it backwards to meet AB at O,. 
9. Measure the angle of reflection S O,N, . 
10. Repeat the procedure for other angles of incidence. 


11. Tabulate your reading as shown. 


Result: 1. From the tabular form itis evident that the angles of incidence and reflection are almost 
equal. Thus the | Law of reflection is verified. 


the normal at the point of incidence and the reflected ray all lie in 


2. Since the incident ray, 
the II Law of reflection is verified. 


the plane of the paper 
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Observations 


50° 


Observations : 


EXPERIMENT 8 : Laws of Refraction 


Aim of the experiment : To verify the laws of refraction. 


Apparatus required : A glass slab, a white sheet of paper, drawin A . 
protractor. ‘a ig board, board pins, paper pins, 
Laws of refraction : 

1. The ratio of the sine of the angle of incidence to the sine of the angle of refraction is a constant 


called the refractive index of the second medium with respect to the first. 
2. The incident ray, the normal at the point of incidence and the refracted ray all lie in the same 


plane. 


Procedure : 


Fix the paper on the drawing board with board pins. 
Place the glass slab on the paper and draw its outline four times as shown. 
O,N, on the outline as shown. 


Draw directions of incident rays /,O,, 1,0. 1,0, and 1,0, making angles of 30°, 40°, 50° and 


122 2." 


1. 
2: 
3. Draw normals O,N, , O,N,,O3N, + 
4. 


60° with the normals respectively. 
Now place the glass slab on the first outline and fix two pins A and Bon the 30° line. 


a 


6. Look through the opposite face of the block and place your eye in such a position that A and 
Bseen through the slab appear as one pin. 


7. Place two pins E and F so that A, B, E and F appear to be ina straight line. 


8. Draw small circles 
Join EF to meet the outline of the glass slab at D. 


around the pins and remove them. 


ey 
10. Join O,D. Measure the anlge of refraction MO,D. 
41. Repeat the above steps for the other three values of angle of incidence and tabulate your 


readings. 
12. Find the values of sin jand sin rfrom the log. tables and then find their ratio. 


Result: 1. The ratio of sine ito sin ris a constant as seen from the last column in the tabular form. 


2. The incident ray, the normal at the point of incidence and the refracted ray have all been 
obtained on the plane of the paper — i.e. they lie on the same plane. 
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dry cell or battery eliminator i 


rheostat 


ammeter 


unknown ——__plug key 


eee Teratn er 


battery eliminator 
He rheostat 


volt meter 


ns 


ammeter 


Observations : voltmeter 


Least count of ammeter 1 divison then sctvie amperes. 


Least count of voltmeter 1 division eee volts 


Ammeter Reading | ‘oltmeter Reading v 
Serial 


in amperes 
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Resistance 
R=w 
ohms 


EXPERIMENT 9 : Measurement of Resistance 


Aim of the experiment : To connect up an electrical circui 
circ! i 
resistance. uit and determine the unknown value of 


Apparatus required : Dry cell or battery eliminator, amm 
5 e' A 
connecting wires, key. ter: wwolmetos sieostaL NesteLaN> 


Formula : The resistance Ris given by R = V/l where Vis th ial di 
e 4 
arent fiowing Through potential difference accross it and 


Procedure : 


1. Connect up the circuit as shown in the diagram. 
2. The (+) and (-) sign on the ammeter and voltmeter indicates that the 

a) andl current should enter at the 
3. Now find the least count of the ammeter and voltmeter. 


4. Keeping the rheostat at the maximum value, put the plug in the key. 
5. Note down the readings of the ammeter and voltmeter. 
6. Now increase the current in steps by suitably adjusting the rheostat and take four more sets of 


readings. 
7. Calculate the value of resistance from the formula 


Vv 
Rie a 


Result : The resistance of the given coil of wire is ........ ohms. 


magnetic north 


Horizontal magnetic flux pattern near a b 


ar Magnet with 
its axis is the meridian and its N pole p 


jointing north 


Magnetic north 


Horizontal magnetic flux pattern near a bar Magnet with its 
axis in the magnetic meridian and its S pole painting north 
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EXPERIMENT 710 AND 11 : Mapping of Magnetic Fields 


Aim of the experiment : To plot the magnetic lines of induction of a bar magnet with i) its N-pole 
point North. ii) S — pole pointing north. 


Apparatus required : Drawing board, a sheet of white paper, magnet, compass needle. 
Procedure: 1. N-POLE POINTING NORTH 


_ Draw a line on the sheet of white paper at the centre and parallel to one of the edges. 


= 


Place the compass needle on this line and rotate the paper until the compass needle lies exactly 
over the line. 


i) 


Fix the paper in this position either on a drawing board or on the table, and mark the direction 
of the north in one corner. 


x 


_ Remove the compass box and place the magnet so that its axis lies exactly on the line with its 
north pole pointing towards the north. 


eS 


5, Place the compass near the north pole and plot the magnetic line of induction upto the south 
pole. 

Bring the compass box back near the N-pole and repeat the procedure. 

Now repeat the procedure for the other side of the magnet. 


Look at the diagram for N-pole pointing north and try to obtain as many lines as possible. 


mo oN > 


Locate the null point as shown in diagram. The compass needle will rest in any direction at this 
point. 
10. Measure the distance between the two null points. 


2. S-POLE POINTING NORTH 


_ Repeat the above procedure with the S-pole of the magnet pointing north. 


= 


Result : 1. The magnetic field due to a bar magnet with a) north-pole pointing north and b) S-pole 
pointing north have been obtained. 


2. For N-pole pointing north the distance of neutral point from the centre of the magnet 
ISi%e coe: CIM Ge cseteiess m. 


187 


ae 
dry cell or battery eliminator Gown: oc 


rheostat 


ammeter 


unknown plug key 


LG ae 


battery eliminator 
oe ry theostat 
a) — = 
A ‘s aso 


volt meter 


ammeter 


Observations : voltmeter 
Least count of ammeter 1 divison ttc esceece amperes. 
Least count of voltmeter 1 division ewbeitiss volts 


Resistance 
R=V/ 
ohms 


Ammeter Reading | oltmeter Reading V 
Serial 
No. 


in divisions in amperes | in divisions | in amperes 
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EXPERIMENT 9 : Measurement of Resistance 


Aim of the experiment : To connect up an electrical circuit and determine the unknown value of 
resistance. 


Apparatus required : Dry cell or battery eliminator, ammeter, voltmeter, rheostat, resistance. 
connecting wires, key. 5 


Formula : The resistance R is given by R = V/l where V is the potential difference accross it and 
lis the current flowing through it. 


Procedure : 


1. Connect up the circuit as shown in the diagram. 

2. The (+) and (-) sign on the ammeter and voltmeter indicates that the current should enter at the 
(+) terminal. 

3. Now find the least count of the ammeter and voltmeter. 

4. Keeping the rheostat at the maximum value, put the plug in the key. 

5. Note down the readings of the ammeter and voltmeter. 

6. Now increase the current in steps by suitably adjusting the rheostat and take four more sets of 
readings. 

7. Calculate the value of resistance from the formula 


Ris aye 


Result : The resistance of the given coil of wire is ........ ohms. 
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V. Answer any five questions. 5x5=25 
4. How will you find the density. of a liquid using a R.D. bottle? 
2. State Newton's second law of motion and derive F = ma. 

3. Show that pressure at a point in a liquid P = hdg where h is the depth of the point 
4. Discuss the absolute scale of temperature. 

5. Draw a neat diagram and explain the prism-binoculars. 

6. Define the magnetic elements at a place with suitable diagrams. 


7. Find the effective resistance of 3, 6. and9 (a) in series (b) in parallel. 
8. Write a note on lightning arrestors. 


Vi. Answer any one of the following: 1x10=10 

1. Describe the screw gauge. How will you use it to determine the thickness of a glass plate? 

2. State Archimedes principle. How will you use it to determine the density of a liquid? era 

3. Describe an experimentto plot the magnetic lines of force for abar magnet with north ole inti 
north. Draw a neat diagram to support your answer. Pole pointing 


